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FOFREWORD

The Fort Hood Pield Unit of the Afmy Research Institute for the
Behavioral and Social Sciences (ARI), by assessing the human performance
aspects of man/weapons systems evaluations in field situations, provides
support to Headquarters, TCATA (TRADOC Combined Army Test ‘Activity, former-
ly called MASSTER--Modern Army Selected Syastems Test Evaluation § Review).
A war using modern weapons systems is likely to be both intenc= and short;
U.S. man/weapons systems must be effective enough, immediately, to offset
greater numbers of an enemy. Cost-effective procurement of improved and/
or new combat systems requires testing that includes evaluatiorn in opera-
tional settings similar to those in vhich the systems would be used, with
troops representative of those who would be using the systems in combat.
The doctrine, tactics, and training packages associated with the systems
being evaluated must themselves also be tested and refined ss necessary.
\'~._/ .

“The present report presents the results of a literature survey-designed
to provide information on the psychological and associated physiological
factors that might be expected to affect tank crew performance while
operating buttoned up. The report also lists recommended design changes
to be considered or incorporated inte our present tanks so that buttoned-
up or continuous operations can ba sustainad. The findings provide a
ha.kground against which armor doctrine and training concerning buttoned-
ip operations can be formulated/d

ARI research in this area is Aonducted as an in-house effort augmented
by contracts with organizations with unique capabilities for human factors
research. The present research was done jointly by personnel from the ARI
Fort Hood Field Office and the Human Rasources Research Organization (HumRRO),
under contract DAHC 19-75-C-0025, and is responsive to the special require-
ments of TCATA and the objectives of RDTE Project 2Q763731A755, "Human .
Performance in Field Assessment,”" FY 1976 and 1977 Work Programs.

J. E. UHLANER,
Technizal Director
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S1UDY OF PSYCHOLOGICAL (AND ASSOCIATED PHYSIOLOGICAL) EFFECTS ON A TANK
CREW RESULTING FROM BEING BUTTOMED uP

BRIEF

Requirement:

Tanks in any future mid-intensity or high-intensity conflict will be
required to operate in the buttoned up mode much more than in the past.
" Crews will button up for short periods when faced with overhead artillery,
small arms fire, or aircraft attack. In an environment contaminated by
nuclear, chemical, or biological agents, they may be forced to button up
for much longer periods. It has been hypothesized that perforwence in
some critical areas would be degraded during buttoned up operations. It
was further hypothesized that much of the degradation would be attributable
to psychological (and associated physiolegical) factors associated with
being buttoned up. The research was implemented to determine what
psychological and associated physiological factors affect tank crew per-
formance during both short-term and long-~term buttonmed up operations,.

. The objectives of the research were to:

e Determine from available documentation what peychological (and
asaociated physiological) factors might be expected to affect crew
performance while buttoned up.

® Determine from available documentatica what amount of degradation
(1f any) has been observed on task performance while buttoned up.

e Determine from available documeantation what design changes need to
be considered or incorporated into our present tanks, and to provide
data on design requireusents for future tanks.

® Provide information on wvhether continuous operations in the

~ buttoned-up mode is militarily feasible with our present tanks.

e Conduct experimental studies and/or field research designed to )
determine the extent of performance degradation on critical tasks,
and/or to determine means of minimizing performance degradatiom
where previously observed through 1mptoved operating ptocedures or
'through equipment modifications. ‘

Procedure:

The work was planned to be conducted 1n two phases. In Phase I,
literature and other information relevant to the objectives would be
accumulated and reviewed, and research needs would be determined. In Phase II,
experimental studies based on the determined need would be planned and
executed. It was presumed that these siudies would be oriented toward




determining the extent of degradation in the performance of critical
tasks, or toward minimizing performance degradation where previously
obrerved.

The revicew of available information was nccomplished and three field
studiea were proposed for investigation during the firet year. However,
due to the limited support which could be provided by the units tasked
with the support mission, work was acfually initiated 'on only one of the
efforts. }

Principal Findings:

® Tank crews can function continuously in the_’pen_hatch mode with
little or no degradation in performance for periods up to 48 hours in
duration.

e Simply buttoning up for periods of up to 48 hours has little
effect on performance.

o In general, wearing Chemical, Biological, and Radiological (CBR)
protective equipment does not appear to degrade performance until the
cumulative effects of various physiological factors begin to affect per-
formance. .

e Our present tanks are not designed to susta1n>buttoned-up
operations for extended periods. :

e The tank heating and ventilation svstems may not be adequate to. -
sustain buttoned-up conditions.

e Personnel wearing CBR protective clothing in buttoned up tanks
" during high ambient temperature conditions may become heat prostration
casualties in less than an hour. . ‘

Utilization of Findings:

The information provided indicates that tank crews can operate
buttoned up for periods up to 48 hours or even longe~ if the tank is
designed properly to support such operations. The incorporation of
. recommended specific modifications in both current and future armored
. vehicles will greatly improve US capability to operate in the buttoned-up ,
mode. These findings should also provide a background against which armor L.
doctrine and trainiag concerning buttoned-up operations can be formulated.
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CHJER 1
.1 RODUCTION

The stated doctrine ot potential enemies dictates the employment of
Ehemical weapons in tactical operations, biological weapons in strategic
operafions, and nuclear weapons as required. Nuclear weapons havz not
been ﬁsed since 1945 and ;hemical weapons not since World War I. Bio-

logical weapons have never, been used. Nevertheless, the armies of the

major powers have Nuclear, Biological, and Chemical (NBC) weapons in their

inventories.

It 18 the policy of the US to employ nuclear weapons only ;f the
enemy uses them first, or when con§entional weapons have been found in-
adequate to ensure our surV1vg1. The US has also renounced the use of
biological agents, and will use chemical weapons only if the enemy usés
them. The armies of potential enemies have fhese,types of weapons and
are prepared .to use them; Unless our fo:ces'know how to fight in én un-
conventional environment, ié'could dtastical}y reduce our capability to
wage war. | | ‘

Threat fdfces are also expected té employ magsive amounts of artil-
lery prior to-attaéking. Our arﬁored forcgs will‘be required to move
out from under these artillery fires ard be able to shoét and move.

It is clear, that in any future.cohfiict against aisophisticatgd
enemy, our ;rmored forces wiil probably have to opérate in an eﬁviron—
ment never before encountergd. They will undoubtedly'be forced to
operate with hatches closed muvch of the time, eﬁén if oqu-fbr protec~
tion from conventional artilléty. " If NBC veaﬁons are emﬁloyed, closed-

hatch 6petatioﬁs will become the standard. = This mode of operations has

L
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been referred to as buttoned-up operations, and ia the aublect of thie
report.

Threot forces are well equipped with o compiere‘nrrav of indfvidusai
and vehlculiar protective gear for operhtlnns in an NBC environment. For
examﬁle, most threat armored vehiclés'featuré poéitive—ﬁtesaure protec-
tion with filtered air for vehicle crews when buttoned ﬁp; Threat
forces also train extensively for operations on an NBC battleffeld. US
-armored vehicles lack many of these'design features, and US for;es receive .
only Qinimal'training in buttoned-up operations.

As our taﬁk designs have changed, the amount of work and movement
spacé within the tank has decreased. The addition of more sophisticated
equipment an& the desire for heavier armor protection, along viﬁh ig-
creaged weapon sizes, may decrease the liveable space even more in futuée
tanks. Nevertheless, 1n'anticipa§ion of the ﬁse nf NBC weapons, and the
lingering hazards which may lagt for days and cover many square milés,-
our tanx crews may have to operate on the NBC battlefield and remain in
contaminated areas for long periods of time while buttoned up. The
periods of time will vary, depénéiﬁg“on the degreevof-contam;nation. the
protection available, and the military situation at the time; Therefore,
it is imperative that the problems asaoéiated'with buttoned-up opefatiopg
he determined, and ;;;;W;;;;; problems 5e solved;' | '

It has been hypothesized that ciosed-hatch operétions would tgnd to
aifect perfqrmanée'adveréely. It has also_bééﬁ hypothesized' that perfor-
' mance would degrade more rqﬁilly dutipg butfonad-up operations than during
open-hatch operations. Fina;ly; itlwas hypothesized’that much of the pre-

sumed_aegtadation would be a prodhct of psychological (and associated




physiological) factors résulting from being buttoned up; he current
research effoit was o*igina]ly propoged to address the validity of ihese
hypotheéses.,

More recently, the ma jor objective of this research has been to
examine both the short-term and long-term effects of operating in a
buttoned-up mode. 1In particulat,'thii research has attempted to:

1. Determine frem available documentation what psychological
(and associated physiological) factors might be expected to affect crew
performance while buttoned up.

2. Determine from available documentation what amount of
degradation (if any) has been observed on task performance while
buttoned up.

3. Determine from aveilable documentation what design changes
reed to be considered or incorporated into our present tanks, and to
provide data or design requirements for future tanks.

4, Provide informstion on whether continuouas operations in ¢t
buttoned-up mode is militarily feasible with our present tanks.

5. Conduct experimental studies and/or field research desigr .
to determine the extert of perfoimance degradation on critical tasks,
and/or to determine means of minimizing pe.formance degradation where
previously observed through improved operating procedures or through
equipment modifications.

This research 1s seen as a continuing eftort. This report describes

only the work completed during the first year. Unfortunately, the ini-i-

ation of the ficld work planned for this first year was considerably

delayed. The austere budgefs of thelhmits that‘suppott regearch perforﬁed

at HQ, MASSTEﬁ, Fort Hood, Texas, severely limited.thelavailability of
equibm;nt} Therefore, final results are not available on an& of the e’ -
fortslin time to be included in this report. Some preliminary findings
concerning determination of oprimum turret traversing rates are availadié.

Final resuits will be reported in the early pért of the second year ef ort.
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The rerginder oF thic report i organized inte four chapters,

Chapter 2 contains the infofmation on ptychologifal and phys{ological
factors presumed to affect tank crew performance wnile buttoned up. The
major iindings of the literature review.conccrning these factors arz
summarized in Chapter 3. Chapter 4 contains a list of design recommende-
tions to be considered ia. tank design as well as recommended areas for
future research.' Chapter 5 deacribes, in brief, three research areas
wvhich are either underway or are being congider d for further s:u;y. and
describes some prelimipary findings concerning %target acquisition by the

tank commander from a buttoned-up tank.
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LITERATURE REVIEW
Factors Affecting Crew Performance During
Buttoned-up Operations
In.order to ascertain what related research had been‘pteviously-gé-
complished, and to providehé basis for determining future researg@‘needs.
a literature search was 1nitiated.' Over 300 documents were obt;ihed and

exam’ned during the course of the literature search. While the literature

"was extensive. and diverse in content, the bulk of the informatiod was only

indirectly relevant to armor crew buttoned-up operations. It was found

that the majority of such'research.haa been directed toward confinement
@nd personnel functions in space capsules or undetwa:et'hubitats, Manv of
the most relevant studies, i.e.,, those actually dealing with occupaucy of
armored vehicles, were accomplished by British feaearchers working with
the British armor forces. Ho;t of these latter reports are clagssified and
cannot bc eited her-.l They are, hoviver, reviewed in the clasuifled'
Appendix and must be obtained geparately.

After extensive réview of the available 1literature, it was d;cided 'to
diacuss the various factors.which are presumed to affect.performénce under
the following broad éétego}loS: |

. Envircnmental Ponditiona
. Con{inement :

. Comhat Stress

. Noise

. Vibration

. Radiation '

. Habitability (Personal Pactota)

. Human Engineering

. Work/Rest Cycles -
. Enhancement of Performance by Drugs
." Toxic Environment

. Sustained/Continuous Operations
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The arbitrary nature of this classiftcatiun scheme is recognized. It is
also realized that the titles presented are open to varving interpre-
tation, and must beAfur:her defined in the discussion. The schems chosen,
however, s suitable for discussing thoae.faCtors.believed to be of eri-

tical importance in buttoned-up operations.

Environmental Cond{tions

For purpoces of Lhis-;gport, the meaning of the term enviropmental
conditiong will be largely constticteq to conditions associated with the
internal atmosphere of the vghicle. Therefore, in this review, this term
.refers to conditions of temperature, humidity, and air flow, and their
1nterre1atioﬁah1pa with the physical eﬁvirqnment as well as the factors
which change or influence these coﬁditions.

In a.tactical military situation, there is naturally less conéern
with how tﬁese conditions nffectlthe physical ;omfort‘qf soldiers than
with how Fhey affeét performance of essential tasks. Therefore, the"
ensuing discussions arec or;aﬁted toward determining tbg'acceptable limits

of environmental conditions in terms of their effects on the various

agspects of human performance. -

Tcnperature Effects~€old

The extremeties of the body are most susceptible to cold 1njury
because they'present the largest exposed surface for heat loss. For
exarvle, poor circulation in the extremeties increases the danger of cold

injury. Findikyan, Duke, and Sells, in their review of cold stress,

IN. Findikyan, M. Duke, and S. Sells. Stress Reviews: ' Thermal Stresa-
Cold, Technical Report No. 8, Instituca of Behavioral Retearch Texaa
Chtiltian University, Fort wOrth July 1966. .

11
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stated that exposure to cold produces’numbnese of the fingers,,which leads
to deterioration of performance, particularly on tasks requiring fine

manual dexterity. As a consequence, dutles requiring manipulation of

knobs, switches, pushbuttons, keys, screws, and nuts and bolts become
almost impossible to perform. This typically occurs when the skin temp-
erature of the fingers drops below about 6C°f. Hands and fingers can be
kept warm by reducing their exposure to céld in a numSer of ways. Typi-
¢ally, glovesvor'miétens are worn. However, glévea are nogladequate to

‘ maintain hand skin temperature above 66'? after long expcsure to ambient
temperatures below 30°F. Mittens of fur and leather materials can be used
ddwn to. about 20°F to maintain the finger skin temperature at 60°F.2 In
either case, of course, much of the use of the hands ig'lost. Standard
Army 1issue arcticlwear‘is quite adequate for protecting the trunk, limbs,
and head, but thg haintenance of satisfactbry femperatuzes in the ex-
tremeties, especially the hgnds, remains a problem for which no satisfac-
toryvso]utiqn has been found.

| So ioﬁg as individuals are properlyvc]othed, there are few 1ndiEa-’

tions that cold affects performances not‘requi;ing fine mannal dextexity.
Thefe 18 some evidence fhat vision is'iffectéd in studies-teviewed by
Revesman, ‘Hollis, gnd'Mattson.3 They concluded that there 1is apparently.
some chnngg“in vision in.the axctic; The gtudiea reviewed 1néicated that

there is greater eyestrain and a greite: tehdencyvto errors in . distance

2y, Fenning, P. Jackson, and R. Kelley. Referernce Sources in the Fhysiology
of Extreme Envtronmental Temperatures, Engineering Weaearch Institufe,
University of Hichigan, Ann Arb.r, May 1954, ; =

35 Revesmun, .J. Hollis, and J. Mattson. A4 Literature Survey ., Numan

l'erformance Under Arciic Environment, RDD Technical Memo 6, Departuent
e of the Army, Washington, D.C., December 1953.
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judgment under artic conditions. However, according to Willfams and
Kitching,& the size of the vigual field 18 not affected., They r?rort no
changes In the arca of visual fleld in two suhjects wﬂn werg exposed to
a‘?empetntufe of =50°F for one hour aﬁd'té iower temperatures qu gfeater
du;ations. | |

Several means of minimizing the effects of coldlin armcred vehicles
have been considered. The British have used warm air directéd over tﬁe
tank gunners' hands to maintain their tactual sensitivity on the traQersing
and elevating éontro]é.s

Fenning, éEAﬂl-S conducted a literature search on a project dealing
with the evaluation of pgssible ﬁethods of heating. cooling,'and veﬁti—
lating combat tanks under extreme environmental éonditions. They feéoumended
that the compartment bhe heated to between 20°F {minimum témperature) and
25°F (maximum temperature). The minimum figure results from the de-
sirability of maintainingiﬁatmth with as little bulkiness of clothihg,as
possible. Also; at températures below this figurg, it is almos; 1m§6qsib1e
to maintain the fingers at a temperature conducive to ﬁanualvdextérity,
At 20°F, mittens can be used to maintain finger warmth,'ana air flows-froml
the heating system can be directed over controls to provide wa;mth.wheﬁ
mittens are removed to ope:;tezthem. ‘ The maximﬁm.témperature of 25°F 1is
'apécificd, in'thiS'iﬁstance, not only from an economy standpoint, ﬁut also

fn view of the fact that higher temperatures might result in overheating

4. Willfams and J. Kitching. The Effects of Cold om Human Performance,
NRCC, Ottuwa, Canada, March 1942.

5N. Findikyan, M. Duke, and S. Sells, op. cit., 1966.

éW. Fenning, P. Jackson, and R. Kelley, op. ctt., 1954.
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of the body in its heévy clothing.. Lighter clothes for the crewmen might
not be possible, since in many situationa thev mav have to dismount fre-
quentiy from the vehicle.

Subjective feelingd of coldness can be noticeably altered without
changes in temperature bf ianipulating the environment. For ex;mple, it
is c;mmon knowledge that colors such as blue and green are called "cool"
colors, while orange, red, and b;own.are called "hot" colors. People éeel
Qarhér in rooms where the walls and decor are in hoé colors. It is also
known that bright sunny days are pgychologicaliy warmer than dark cloudy
days. Finally, even though there is no substantial differences in the
non-evaporative heat loess of the skip. whether the humidity is high or
low, an increase in humidity almost inv;riably 1s accompanied by feelingé

of discomfort during either warm or cold weather. The incidence and in-

- tengity of shivering and the sensation of cold are greater when humidity

.13 high, even when skin temperatures are the same.

Tromp7 has suggested that there is8 a psychological quality to the
fate_of air movement. An optimum rate creates an invigorating environ-
ment,;while Qariable (réther than constant) rates of air movement are
perceived as'more'brécing._ Althoﬁgh h;g observatibng apply primarily to
air movements in a room orvbuildiné,‘where total mo#emenf is typically
small, they shpuld aﬁply equally yell to the inner camﬁartments of tanks.

The human body itself is capable of some accommodation to cold.

Biplogical.changea (e.g., vasoconstriction) begin immediately any time the .

ambient temperature falls below 68°F in the body's effort to maintain a

constant temperature. Long-range adaptation, called acclimatization, is

Ts., Tromp (ed.). Medical Biometeorology, New York: Elsevier Publishing
Company, 1963. - ’ : :
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largely Iachieved in aboui‘ ane weé_'ti but may not be complete forb as much as
two or three weeks.a |

Data on the abilicy of the "ph;s!cu_l.'ly fie" nﬂu to withatand cald
beftar qhanbthe unfit individuélAia m@lget,g deapite the general accep-
tance of the concept. Oue of fhe:appirent problems in :hin area is the
definition and quantification of mzasures of physicnl fitness. The avail—
able literature indicates chat a physically fit person performing well in
temperate weather wili not necnsaarily petform as well in arctic and aub-
arctic weather, Apparently, the particular kind of nhysical fitness
required to combat cold stress is ‘that which ie acquired through acclima-

tization, conditioning and t?aining.

" Temperature Cffects-Heat

A number of investigators have cxlniqod the ;ffec:c of high ambient
temperatures on hum;n perforﬁanca, fn general, the results have been
congistent,Aat least with respect to‘phytica; tasks. For example,
Welshl® suggested that un;il,Effectiye Temperatures (ETa) exceed about
90°F, performance on taskswngt requiring great physical effort is little

affected. Bond and Sléightl; éxprensed‘ugrecmint with this poaition.

&}, Macfarlane. "General Physiologicnl Hcchnni-m- of . Acclimatization,
in S. Tromp (ed.), Medical Biomsteorology, Naw York' Elsevier Pub-
lishing Company, 1963, PY 372-&17..

x . 'nndikyan, M. Duke, and . s.ula, op. oit., 1966.

103, welsh. "Fcological Systems,” in J: Brown (ed.), Phyezology of Man
in Space, New York: Academic Prees, 1963, pp 309-334.

. ~ 11n, Bond and R. Sleight. Human Factors in the Design of Desert Equip-
ment, HEL Contract DA~36-034-0-ORD~1642, US Army Human Engineering
Laboratory, Aberdeen Proving Ground, Maryland, December 1954.
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stating that the heat generally experienced under desert ccnditions, be-
cause of low humidity and tolerable ETs, had liicle if any effect on the

performance of mental or psychomotor tasks. In cases where impairment in

performanc? sometimes occurred, this was ascribed to physiological dis-

tress that took place as the body attempted to maintain thermal equilibrium.

Eichna, et 5&.,12 have found that the Wet Bulb Temperature (WBT) is
the limiting factor with respect to the effects of heat on human perfor-
mance, with Dry Bulb Tempera'gure (DBT) being of only minor importance.
Below a WBT »f 91°F, men work easily and efficienély. The range in which
men are capable of moderately hard work ;8'91-94.F WBT, but decreased
efficiency and alertness are e;ident.. Above 94°F WBT, major disability
‘'aoon occurs, the average limit being about one hour of work. Lee13 (in a
study de#ling with tank air—conditioning) fopﬁd that the cfitical level of
ET for tolerance to heat lies between 88°F and 92.5°F, as reported by

14

Fenning, et al. Connell, after reviewing the effects of high ambient

. temperature on performance, suggested an upper limit of 85°F for perfor-

mance of sedentary tasks without impairment, as reported by Duke, et

15

al., ", Mcﬁlaix,lkanbapgh, and Fozardl® teconnpnded maintaining temp-

A2y Eichna, et al. "Upper Limits of Environmental Heat and Humidity
Tolerated by Acclimatized Men Working in Hot Environments," Jowmal of
Industrial Hygiene, March 1945, 27, 59-8¢. o

13 . , e . '
D. Lee. Trial Tank Air Conditioning Equipment-Hot Room Tests, AFV 39,
. October 1943. ' : ' .

14 | L | - -
L. Connell. The Efféqtq of Heat Upon the Performamce of Mer in High
Speed Aircraft. A Critical Review, ADC Report 151-1-17, Office of
Naval Research, Washirgton, D.C., June 1948. '

15, Duke, N. Findikyan, J. Anderson, and S. Sells. Stress Reviews: II.
Thermal Strese-Heat, Technical Report No. 11, Institute of Behavioral
Research, Texas Christian University, Fort Worth, May 1967.

16y, McBlair, D. Rambgugh, and J. Fozard. Fwvironmmental Effects oﬁ Ruman -
Performmce, Including Fatigue. Part 4. Ventilctiom, Temperature, =
Humidity, SDSCF, 1955, . - '

16

wd oo




eratures’ac B5°F DBT, 75°F WBT, for maximum efflcicqcy, as reported by
Duke, et al. ‘ '

Field studies (e.g., Minard, et gl..17) involving rontinucus exposure
forkperiods of'af least several days reﬁort significant physiological
changes as well as performance impairment of combat efffciency under uigh
thermalystresa. Minard's su:jects were unacclimatized paraﬁroopera par-
ticipating in combat exercises in Panama.

As can be éeen from the research described in the precediﬁg Fara-
graphs, pérformance déterioration.can bé expected when ET reaches the
vicinity of 90°F.' However, under proper conditions man can survive in
much higher ambient temperatures. For example, Brouhal8 states that the -
upper 1limit of DBT which manvcan tolerate is relatively high: resting
men have withstood 15-minute exposures to temperatures up to 250°F with-
out i1l-effects. At higher temperatures, hunidity_asaunén greater
1mpot:anc§, since the cooling in theae'citcunstancea 1s not limited ﬁy
man's ability to pérspire, but by the capacity of the atmosphere t§
absorb additional moisture. The limiting factor to evaporative heat regu-
lacion in hot, humid environmqnis is the capacity of thelairlfot absorbing
'wat;r. In het, dry envirzonment .vthe limiting factor is man's ability to
produce enough perapiration to iai

ntain the evaporiziée requirement for

regulating body temperature.

High ambient temperaﬁures o not affect performance on all types of .

tasks equally, as shown by studies of the effects of temperature on

170. Minard, G. Grayeb, R. Singeér, and J. Kingston. Heat Stress During

Uperation, Banyan Tree I, Rzport No. 5, Naval Medical Research Institute,
Bethesda, Maryland, July 1961

181, Brouha. Physiolbgy in Industry, New York: Pergamon Press, 1960.
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aﬁecific kinds of thsks; Carpenter19 found that as ambicnt»;emperature in~
creased, intelligence (as measured by performance on the Resictance Box
test) showed a decrement, with the deterioration bacoming itntiaticnlly
significant at about 90°F ET. When body temperature was elevated to 101°F,
Bean and Eichna?® found that accuracy in m;themhtical calculations de-
creased These findings were consistent with those of’Wilkinson, et al.,21
and Fox, et al.,22 as they found an impairment in the ability to add at
101 F, when compared with performance at normal body temperatures. How-
ever, raising body temperature to only 99°F produced a slight improvement.
Hackworth,z3 in his study of heat and humidiy, fognd evidence for
impairment of perceptual functioming, as reported by Fenning; et al. His
primary findings were: (1) hot, moist atmospheres impair thé accuracy |
with which faint visual signals are detected in a relatively monotonous

situation; (2) responses tend to become sluggish, but do not decline as

markedly as accuracy of work; (3) optimum DBTs and WBTs for'viaual search

19,, Carpenter. The Effect of Room Temperatiwe on the Performance of

Resistance Box Test! A Performance Test of Intelligence, Report No.
APO 50, Medical Research Council, Applied Psychology Unit, 1946.

2°w Bean and L. Eichna. "Performance id Pelation to Environmental
Temperatures," Federal Proceedzngs, 1943, 2, 144-158.

21g. wWilkinson, R. Fox, R. Goldsmith, I. Hampton, and H. Lewis. "Psycho-
logical and Physfiological Responses to Raised Body Temperature,"
Journal of Applied Psychology, 1964, 19, 287-291.

22p, Fox, R. Goldsmith, Iv'Haﬁptdn. and R. Wilkinson. "The Effects of a.

.Raised Body Temperature on the Performance of Mental Tasks," Jburnal of
Physzolaqy, June 1963, 167(1), 220-23 (abstract).

23N, Mackworth. Effects of Heat and High Humzdzty on Prolonged VLSHG?

Search as Measured by the Clock Test, report prepared for the
Habitability Sub-Committee of the RNPRC, February 1946.
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are 85°F and 75°F, respectively; and (4) performance detertoration becomes
lstatiscically significant at 95°F WBT“AEZ"§§7§"B§T. Hawébér, not all -
perceptual tasks appear to be affected. For example, Loed and Jo.ntheau.z4
as reported by Duke, et al., found no detrimental effects of high temp-

erature on a monitoring taék_carrigd out in a troop carrier. Thg temperétuzei

ranges studied were 65°/75°F to 110°/125°F.

Reaction time does not appear to be affected by heat. Duke, Findikyan,

Andetsoﬁ, and Sells25 reached this conclusion on the basis of consistent

findings in théir review of the literature on thermal stress. Other work
revieved by these authors indicates less consistency in findings concerned

with mental and perceptual tasks. This fact was also observed by McBlair,

6 .
'gg.gi.,z who reported that physical tasks were more consistently impaired

by heat than mental tasks. They also observed that simple tasks were

‘less affected by heat than complex.tasks.

Given time and oppottunity to become acclimated, man's performance

" while enduring high ambient temperatures improves and becomes more con-

gistent. Acclimatization enables him to work in hot climates with lower

body temperatures, lower heart rate, and more stable blood pressure. '

- Morgan, et gl.,?7 reported that: Acclimatization takes from three to- 12

.daye approximately, and is more effective if men work in the hot climate

24y, Loeb and E. Jeantheau. "The Influence of Noxious Environmental
Stimuli on Vigilance," Jowrnal of Applied Psychology, 1958, 42, 47-49.

25M. Duke, N. Findikyan, J. Anderson, and S. Seils, op. cit., 1967.

26y, McBlair, R. Rambaugh, and J. F«zard, op. cit., 1955,

27c. Morgan, J. Cook, A. Chapadis. and M. Lund. = Human Engineering Cuide
to Equipment Design. New York: McGraw-Hill, 1963.
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tham <f tﬁey simply rest during the declimatization period. Acclimati-
zatlon lasts approximately two weeks aft;r the (ndiv!dunl leaves the hot
c¢limate, and then declines slowly, sé that after two monthg 1t Is lost.
Bean 'nrwl‘l;‘.Lchru:.?R and Eichna, Bean, aﬁd Asﬁezg repoct very'slmflar find -
ings. They found that the acclimatization process begins upon the'fir;t
day of exposure, progresses rapidiy,land ihén becomes fairly well estab-
lished after a period of three to tén‘days;

Tortance,3° in discussing acclimatization in hié survival research
summary, as reported by Duke,.gg_él., mentioned the opinion of the phys~-
iologist, Adolph, who stated that :here is‘no evidence for adaptation to
dehydration, although the evidence for heat adaptation is satisfactory.
Thé importance of compensating‘for&water loss in extreme heat by adequate
water intake is an iﬁportant facto; in heat tolerance, regardless of
adaptation. Rohles,‘g_gg_;_.,:’1 pgiht out that water consumption of even
sedentary personnei.at an ET of apﬁroximately 92?F caﬁ exceed tw; gallons
per day. These facts are certainly 6f interest in anj research on
but toned -up operégions, as no provision for carrying water internally in
the amounts appafently hecessaryvhas'been.made‘for US Army grmored vehicles.

Means of combating heat in arméred vehicles have received little

thoqght.'.Véntilatgd garments have beenjemployed in space capsulés and

ZBW. Bean and 1. Eichna, op. cit., 1943.

29, Eichna, W. Bean, and W. Ashe. Operations uat High Temperatureec.
Studies of Men in Simulated Jungle (Humid) Reat, Project No. 2, 2-7,
2-11, 2-13, 2-15, 2-17, 2-19, US Acmy Medical Researc¢h and Division
Cowmand, Fort Knox, Kentucky, October 1943.

30, Torrance. Surviving Emergencies and Extreme Conditicns. A Summary .
of Six Years of Research, unpublished report.

31?. Rohles, R. Nevins, and P. McNall. Human Physiological Respcnses to

Shelter Environment, Report No. 2, Institute for Environmental Research,
Kansas State University, Manhattan, February 1967.
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aircraft cockpits which provide a poger source. The Germans experimented
with cooling devices for their tanK crews during World War ‘i1t (WWi1), Lut
never actually emploved them In combat. Tt; n'my soon be possibie for en-
vironmental engineering to extend.the technology employed by the Hatfional
Ae;onautice and Space Administration (NASA) and the United States Air

Force (USAF) to the 1nd1v1dua1 soldier in an armored vehicle.

Effects of Humidity and Ventilation

?enning, Jackson, and Kelley32 ceoncluded from their lite£ature sur-
vey that: In'environments where humidity is extremely low, the lack of
moistufe may result in drying of the mucous membtanéa and reduction of
the fluid on the surface of the eyes. No permanent dam#ge to the tissue
results, but irritation énd temporary disgomfort may be experienced, such
as increased sensitivity of tLhe eyes, soré throat, etc. The comfortable
range fbf'humidity seems to be between 40 and 60 percent; change in either
direction may bring about performance impainneht dependent upon the magni-
tude of the change an@ other envirormental conditions. |

34,35,36,37,38,39

Duke, gslgl.,33‘reported that Pepler adequately demon-

strated that performance on tzsks involving vigilance, or tasks involving

32wL,Fenn1ng, P. Jackson, and R. Kelley, op. cit., 1954,
33M. Duke; N. Findikyan, J. Anderson, and S. Sells, op. cit., 1967.

36R. Pepler. The Effect of Climatic Factors on the Performance of
Skilled Tasks by Yourng European Men Living in the Trop” . IV. A
Task of Prolonged Visual Vigzlance, Report 53/766 Roys .i:aval Personnel,
~ January 1953a. : '

35R. Pepler. The Effect of Climatie Factors on the Performance of
Skilled Tasks by Young European Men Living in the Tropics: A Task
Continuous Pointer Aligrnment -- Experiment One, Report 53/766, Royal
' Naval Personnel ~ January 1953b.
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38

PR, Pepler. The Effect of Climatic Factors on the Ferformance of Skil «d
Tasxs by Young European Men Living in the Tropics: A Task of Continu s
Pointer Alignment -- Experiment Two, Report 53/7¢3, Royal Naval

" Personnel, February 1G353c.

3/

R. Papler. The Effect of Climitic Facrtars on the Penfarmance of Skile
Taaks by Young European Men Living in the Trepies: Tank of Morse
Code Reception, Report 53/769, Royal Naval Personnel February 1953d.

R. Pepler. The Effect of High Air Temperature and Rwnidity on Perfor-
mance, PFRC Report 961.s., Royal AF IAM, Engineering, January 1956.

9. : ,

3 R. Pepler. "Warmth and Pecformance: An Investigatios in the Tropics,’

Ergcnomics, 1958, 2, 63-88. '

psychomotor skills such as tracking or teiegraphy, was poorer in moist

40 reported that the optimum ET for trackin;

than in dry climates. Pepler
performance was 7Z2.5°F, which is séme 6-8’? cooler than the average
tropical temperature. However, this decrement in performa;ce ir hot,
humid climates as compared to dry climates may be the greater subjective
stréss associated with the mecist at:mosphere.a1

-In relatively closed and occupilei spaces, humidity is closely revy
latéd to ventilation. With minimal ventilation, humidity is increased
by the vaporization of water from breath and pefspiration. Hicks,bz in

.a series of studies on closed-hatch operations, found that condensation

ou the gnteriof surfaces of test vehicles was a major problem. The

40g. Pepler. The Effect of Climatie Factore on the Performamce of Skiliec

Tagks by Young European Men Living in the Tropice: . A Task of Continuvue
Pointer AZ1gnment at Two Levels of Incentive, Report 54/795, Royal Nava;
Personnel, November 1953a.

41y, Bond .and R. Sleight, op. eit., 1954,

%29 Hicks. The ETTbcta of Cbnfinement on the Performance cf. Combat
Relevant Skills: Swmmary Report, Techrical Memorandum 16-64, US Army
Human Engineering Laboratory, Aberdeen Proving Ground, Maryland, 1964.
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condensation tended to occur {n the early morning hours at temperatures
argund 40°F. Crewmen found it .difficult to rest against the walls of
the vehlcle as thelr clothing became wet. Water condensing on the cell-
Ing also dropped on clothing and oéher gear stowed in the compar tnent.
Some gear began to rust. Als;,Athe vision blocks became fogged which
would have made combat operations extremel, hazardous. This resear-h study
is the only one located in the literature which described th;s particular
problem. However, it certainly indicates the kind of problems that must
be faced during buttoned-up operations in very moist climates with wide
temperature variation without_adequate ventilation. In well—ventilated
spaces, Iinternal humidity approximates external humidity. However, venti-
lation has an additional effect on body‘temperhture. Moving air absorbs
moisturé more rapidly aﬁd! therefore. has ‘a cooling effect on expos:d
ﬁody gurfaces. In general, thé greater the rate at whiph fresh air
paéees the body; the greater, the'cooling effect.

Ellis,-gg_gl.,43 has pointed out fhe importance of the rate of air
movement is the tolerance of temperature conditions. Some condifions that
were tolerable with an air rate of 150 feet per minu:e became intolerable

44 repotted by Fenning, et al.. ‘conducted

at 20 feet per minute. Lee,
a study in New Guinea with tank crewa. The‘crews were subjected to seven-
hour test periods during which humid and dehumidified air was passed over

their bo&y surfaces by means of air jets or air distribution harnesses.

“3p. Ellts, H. Ferres, A. Lind, and P. Newling. The Upper Tolerable

Limits of Warmth for Achzmatzxed'European Men Working in the Tropice,
RNP 53-759, HM Stationery Office, Medical Research Council Royal Naval
Personnel Research Committee, London, 1953.

44y, Lee. PField Trials of Methods of Tank Persannel Cbolzng Carried Out
in New Guinea, AFV bB December 1943.
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Air was delivered in quantitites of eight Cubic Feet per Mirure (CFM) and
16 CFM per man. The following roncluslnﬁs were veachal: (1) some form
of personal cooling 1s essential for efficient operatiun of taunk crews

in the tropics; (2) of the cooling methods tested, the beat was io sup~
ply each man with eight CFM of éir,ldehumidified to a dew point of 50°F;
(3) the next best method was to supply 16 CFM per man of untreated air
directly from the atmosphere; and (4) a jef 6£ untreated air from the
atmosphere was minimally effective.

Fenning, gg.gl.,as found that ventilation of the tank crew compart-
ment presents a unique problem in thgt tﬁe volume of space allocated per
man is quite small. The ﬁigh concentrations of gas fumes present within
the tank, as well as the possibility of high concentrations of dust being
drawn into the compartment, complicated‘tﬁe problem. They found nothing
in the litérétute which appeared useful in designing'a ventilation system
for tanks which met cgrrent stipulations. At that time, the Office of
. the éurgebn General recommended a ventilation rate of 250 CFM per man,
bﬁt Fenning, et al., found no research to back up this figure. ‘

Some of the parts of the body'are more sensitive to air currents.

Velocities which are much above the threshold value of air current per-

ceptibility may cause discomfort. In the limited space of the tank crew .

compartment, difficu};ies may be expectea‘in rgcbnciliﬁg the volume of
air which must be moved while maintaining reasonable air vélocities.
Fenning, gglgl.,46 in recommending the objectives for design of a tank
ventilation system, stated ﬁhat aﬁtempts should be mdde'co keep air

velocities below 100 feet per minute with the definite specification th.ic

45y, Fenning, P. Jackson, and R. Kelley, op. cit.. 1uydé4.
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air currents which exceed that velocity be dirccted away from the sensi-

tive portions of the body. These researchers also felt that research
should be conducted fn an effort to establish ventilation standards and
ghat the effects of vénfilatfon on the concentrations of dust to be ex-
pected in the compartment shéuld be considered.
.‘Eichna, gg_gl.,47 coqddcted a field test to.determine the relative
‘merits of three chemical protective systems. Tbg three systems were:
(1) a compleéeiy self-contained protective pressure ventilation system;
"(2) individual ventilatéd face masks with air supplied from a central
blowér.system; and (3) regular Army issue chemical protective mask.
They reported that from the standpoint of comfort the self-contained
system and the ventilated face mask were:pggferfed to the standard magk.
The chemical pfotective clothing did not have to be worn with Method 1
as long as the tank protect@ve system was operating properly. With.
Methnds 2 and 3,.the crow had to wear chemical érotective qlothing At all
‘times. The ventilated facepiece with an air flow of 6.0 CFM was st;ongly
disliked, dué to the hot air being drﬁwn in'from the outside. The test
was conducted at Fort Polk, Louisiana, with temperatutes ran; ‘;g from
‘88°F to 103°F (DBT). The tank with the self-nu:.tied aiv produced a
positive pressure of three-quafta's ol an inch.l
It wés discover~.) chat perapiration rates, rectal Cemp;raturés, and
heart r~°  were somewhat higher whén the tanks.we;e moving slowly th;n
when moviné faétj_ The differences were small and deemed not to be of any
practical importance. Afir flow rates in stationary tanks were 300-400

CFM as compnrcd to 1200-1500 CPM for noving tanks.

41, Eichna, R. Walpole, W. Shelley, and A Wht;cenberg. Effecta lLion
Tank Crews of Several Methode of Prctection Agiimet Chemica. Warfare
Agents, Project No. 35, Armored Medical Reseatch Laboratory, Fort-
Knox, Kevtucky. Sep:ember 196&. '

25




The physiclogical changes reporvted by Ejehnu'end his cowvorkers were .
greatest In the driver; this was true $nr‘both the'unproteeted crevw in
regulation fatigue clothing and fer the crews with the combat mask or the
ventilated facepiece. Drivers lost twice as much l1iquid ag crewmen in the
turret and their rectal temperatures were 1.0-1.5°F highet. They also ei-
hibited higher pulse rates (25-30 beets/minute faatet).- In the totally
protected, positive-pressure ventilated tank, the situation reversed 1it-
self with the turret crewmen showing more physiological.changes than the
drivers. The tccal ptetective system with a veﬁtilation rate of 275 W
imposed a slightly greater load (regarding perspiratiﬂ: cates s rectal

temperatures, and heart rates) than tte ;ndi vidual combhat mask or the

'ventilated faceplece svctuvw. However, based on the physiological changes

induced. the differences between all three systems were not sufficiently
great to select one method nver another. Of the three protectiﬁe»systems,
the tank commarders preferred the ventilated facepiece. Gunners pre-
ferred the total protective system, ioaders andldtivers seemed to prefer

the ventilated facepiece.

Miscellanecus Environmental Effacts

Fenning, gé {.,48 briefly discuss tﬁe effects of thermal radiation
between. the vehicla.walls of a tank, and the humeﬁ body. Since the turret
compar tment steel walls are uninsulated and in ditect contact with the |
outalde atmosphere, the temperature on the intoriot face of these walls
uill be subst1ntial;v the same as that on the extetior face, If the temp-

ature of the matal surround is muwch different from that of the intervening

48W. FFenning, P. Jackson, and P. Kelley, op. cit., 195¢,
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alr, then heat will radiate from the warmer mass to the colder. Fzuning

and his associates recommend a study of these effects, ac ihey feel they

may contribute significantly to the ecamiort/discemfort of tank crevmen.

In the dirgct summer =5, the temperatwre of the taonk chasﬁls may greatly
exceed rhe ambient afr temperature and add substantially to the interpal
temperature, Absorption of this rcdiated heat maxy also £1rectly increase

the body temperature of the trewmen. Conversely, ccld thermal radiation

~ from the human body to the tank chassis may result in greater than ex-

pactad heét losses,

.In a study conducted at Yuma Proving Ground, Sua;ez49 determined thé
upper temperaéure ranges for eritical components of the M60 tank under
desert storage and operational c;nditibns. He found zhat the Wet Bulb
Globe Tenﬁerafure (WBGT) during the days of the test with the vehicle
moving was never below 100°F and reached 106.6°F. The tanks 6n1y cerried
a driver and a data collector, so with a full crew the c&nditiona within
the tank would probably have been worse. The conclusions from this study
wéfe: ,

1. The WBGT in the crew compartment is wmuch higher than is

romxonly acceptable as working conditions fnr humans'. '

2. Surface temperatur s of areas which the crew may contact are
high enough (up to 155°F for the iest) to cause extreme discomfort or

'bliatering of the skin,

3. AR 70-38 (Test and Evcluation of Matertal for Extreme
Climatic Conditions, 5 May 1969) design criteria are inadequate when used
alone to’ pradict interior temperature for. HGO tanks operating in a desert
environment.

49y, Suarez. ikt?odaloay Investigation of Armored Fighting Vehicle
Compartment Temperatures, M60 Tank, USAPG Report No. 203, US Army
{uma Proving Cround, Arizona, Ncvember 1974.
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N o ‘The éignificance of Svarez' necoaé”EBHEIGSIZEf(EIS&ing) to the work
cf Fenning and'hia coworkers or heat radiscion effects gs cbviOus.'va
+uink suCtace temperaiuraﬂ reach I55°F, radlation of hLeat te the sdcu-
paats Is bound to be substantial. These effects will add to the already -
deletericus effects of wall heat on the latermal atmcéphere of 'the com-
partment.

Eichna, gg_gl..so (researchers at the Armored Medical Resgafch

- ©  Laboratory) investigated the work rateg of' tank crew members for various
tasks. This invéstisation was undertaken to study two major problems:

(1) crew fatigue which was observed undef virtually all operating ccndi-
tions, and (2) the lowering of efficiency and morals and the occurronce
of heat exhaustion among crews operating in tropical climates. The in-

N .vestigators found that work rates were‘often‘a cause of crew fatigue,
particularly when combiﬁed with the many other adverse con&itions wﬂich
may occur in tank warfare. Maintenancé and servicing, whicﬁ tco™. approxi-
mately twoc hours nightly, expended energy equivalent to a neyeh-mile
mazrch in the same period (based on an average figwre of 350 cal&fiesAper'
hour; per man rour two hours). Thkey also found tpa: Q single crew'ﬁember;
operating nearlthé upper limite.of thermal tolerance, may require qﬁo
qﬁarts 'of water per hour, or an entire crew mey need ten or more gallon_s
for four hours of:npératiou. The regquirement for liquids was mentioned
"in the earlier section dealing wfth the general effects of Ligh ambignt: -
temperatures., However, in this study, Eichna and his qssociateé.related
this requirement not only to temperature, but to the l.vel of activity

engaged in by tank crewmen specifically.

0L, Eichna, et al., cp. cit., 1945.
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Similar results were reported by Adolph and'D111.5] They found that
the datily 1n¥ake in water in the desert was 10 to 30 times the
dafly variation in body weight. These authors also mentionéd that seal-
iug a vehiclebfor protection against noxious substances and for foiding
diminishes ventilation and ‘accentuates the problem of hLeat load.

These data provide some perspectives on the actual total volume of
liquid that must be carried ingide a tank during buttoned-up operations
during'extremes of heat. During an eiéht-houf‘operatioq, 20 galloﬁs or
more may be required. Neither space nor containers for this volume of

liquid are available in our current vehicles.

-Summary and Implications

When a task is not hazardous and demaniing, and ghe individual :is
well-insulated, thellimiting factor in cold ;oIerance appears to be the
temperature of Fhe individual's extremeiies. Performance starts to
deteriorate, especially in taéks requiring manual dexterity, when the
hards atre exposed to temperatures below 60°F. Ag temperétures below
20'-25;F, it is almost iﬁpossible to'ﬁhintain the fingers at tenpetétures
adequate to perform tasks requiring fine manual dexterity. In tanks, it
has ﬁeen suégested that warm air could he(directed over ctiticalvcoﬂttols.
such as' the gunnér's tfaversing and elevating ;ontrola or the driver's
steering controls, in order to maintain hand skin temperatures aone 60°F.

| During lo§ ambient temperécufes thelinsiAg.éemperatufe bf the'tnnk‘
should be maintained at a winimum of 20°F and a ma*iuuﬁ of 25°F. The

minimum figure results from the desirability of maintaining warmth with.

'

SIE. Adoiph and D. Dill. "Obsefvattons on Water Measurement in the
Desert," American Journal of Physiology, 1938, 123, 369.
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with as little bulkfnoss of clothing ag possible. If a_satisfa;to(y means
of protecting the extremeties could be found,‘performance could be main-
tained at lower ambient temperatures. The maximum of 25°F is suggested

a; a fue} conservation measure. Also, crewmen dressed for 25°F ?an with-~
stand much lover temperatures for a tiue 1f forced to dismcunt.

Under high ambient temperature conditions, the critical level for
effective performance seems to be around 90°F. Performance above this
temperature deterforates rapidly. The optimum temperature seems to be
about 70°F, with performance declining either above or below. Cold gen+
erally results in a more rapid déteriération of performance than heat.
Acclimatization to cold is usually achieved in one week and to heat
usually within three to 12 days.

The ‘comfort range for humidity seems to be between 40 and 60 bercent;
change in either direction may bring about decrements in performance re~
‘lated to the magnitude 65 the change. Within ordinary temperature ranges,
the céoling or warming effects of air flow are not influenced sub- |
stantially by changes in humidify.

To operate in a buttohud-up mode, it is mandatory that tanks be
éqqipped with some means of washing and/or wiping of 6ptica1.dev1ces to
combat the.effects of condensation accumu;ating on the inside or outside
of optical devices durilng conditions of high humidity.

Tt Hgs béon shown that the accumulation’of Eondensation'dn the in-
side of Armpred Personnel Carriers (APCs) causes equipment gto;ed inside
of the APCs to become wet and also causes rgst.ana crew discomfort.

Ventilation of the tank crew coﬁpurtmenc presents a-ﬁaigué problem

in c¢hat the volume of space allocated per man {8 quite small. The high

) . 30

Can . .




concentratfons of fumes and dusf being drawn into the tank compartment
Compl cate the problem.

Research on the requiregents for ventilation du;ing periods of
buttoned-up ppérafions'shou]d be investigated, especiallyvin operations
under dusty conditions énd high amblent temperatures. |

Studies completed at Yuma Proving Ground under high ambient tempera-—
ture conditions indicate that temperatures inside the M60 tank may reach
levels unsuitable fot_human'operations, eéven with the hatch open. These
studies did not'investigéte the effects of closed-hatch operations which
would undoubtedly further increase internal temperature.

4 PfesentAtanks are not equipped to store water internally. Water is
usually catried in five-galldp cans on the outside turret pustle racks.
1f buttbned;up operations for extended periods of time are envisioned, a
huilt-in water storage system seems to be m;ndatory. Dehydration is'.
probabl&lthe most setibus physiologicél problém confronting armor crewmen
operating in high ambient temperatures. A creﬁ'may need ten or more
gallons fbr four hours uf'dperatién while operating near the upper limits

of thermal tolerance.

Confinement
Studies of isolation and/or confinemené hgve varied from tho;e in
. which subjects were ind;vidually‘isoiated, imhobilized, aﬁd sensorially
‘i;eprived, ;oithose in which groups were 1solated in a limited physical
::space. but were otherwise unietiric:éd;"_nepending upon the circumstances,
subjéctive_symptoms repoftéaminéluﬂh,sleep diéturbanée, réstlessness. in-
ability to concentrate, Iaiigﬁe, musculat.weakness and soreness, botedém,

vmdpotony, feelings of dirtiness, headaches, dizziness, psychomoter,
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reactions, apathy, low morale. time disorientation, frustration,‘aﬁxiety,
drritability, hostility, displaced aggressioh; depression, and withdrawal.

However., not all of these studies are relgbant to the present problem.
Fi;vt ol all, the total length of time the crew of an armored vehicle can
renain isolated and confined is limited by fheir ability to carry on board
supplies of food, water, ammunition, fuel and other necessitiea.i At
present, this cah“be a few days at most. Nevertheless, three factors typi-
cally reported as being disconcerting to confined an&/or isolated subjects.
are present, to vat;ing degrees, in buttoned-up armor operations. The
first is a sensory restriction in which the variation of envirommental
stimulat%on is reduced. Certainl;, crewmen are nct sensorially depri;ed,
as nois; aﬁd physical buffeting from movement may ﬁpproach unbearable '
levels. However, the kinds of sensory inputs are greatly restricted com-
pared to a normdl environment, |

The second factor is the restricted mobility of the crew due to
space or clothing restrictions. The third,facéor concerns the effects of
social 1solation and social deprivation.52 This lnftér factor becomes
salfent when radio silence is maintained, or when contact with higher
‘command echelons is done only through radio communica;i&ns,'and tﬁe closed

hatches prevenf the normal face-to-face relatibnships with other tank crews.

52Some may pot agiee that the isolation ahd deprivation experienced by

tank crews {its the commonly accepted meaning of these terms. For
example, Sells end Kawls (5. Sells and J. Rzwls. Effects of Isolation

on Man's Performme:z, UST 20, Bioengineering and Cabin Ecology, Science
and Technology Series. American Astronautical Societ, Tarzana, California,
1969) define social isolation as "...an effect of the state of isolation
rather than of remoteness per se and often occurs even in centers of busy
soclal activity.... Apparently, familiarity and dependence on the familiar
for support :ire essential for adjustment, and remoteness is involved only
as it is associated with depirivation. There are, of course, ‘extreme
individual differences In depender.ce and choice of dependency objects."
'They define social deprivation as "...separation from any significant
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supports, which may include significant persons and role partners in
family, work, and social relationships, as well as statuses, activities,
objects, and surrounds on which the individual has learned to depend

for feelings of well-being and security. The general hypothesis is that
such separation is a source of stress to the individual to the extent
that the present situation calls for modes of personal problem-solving
that are not available and for which suitable alternatives cannot be
found.”"” It is certainly true that tank crewmen are not entirely sepa-
rated from familiar physical surroundings while operating with closed
hatchese. Nor do they undergo any change in status or in individuals
found 'in their immediate working environment. However, some changes do
occur. Furthermore, what is most important is how the crewmen feel about
the situation. If they feel isolated and socially deprived, some adverse
psychological consequences:can be expected. In any case, they are defi-.
nitely more confined and isolated from a number' of their normal sensory
inputs.

Certainly, it is obvious that buttoned~-up operations‘will be confining
in neture. Therefore, the temaindet of thiﬂ.section will be devoted to the
rsychological effects of confinement end its effects on performhnce, es—
pecially of tasks similar to or actually pexformed by crewmen, either during

or following confinement

Physical Confinement (Psychological Effects)

'Haythorn,s3 in egperimental studies of small groups in confinement,
observed that the rate of interpersonal infornation~exchange was accele-
rated in thevearly stages'of-confinement. He noted further that difficulty
resulted from such_speeded acquaintanceship. Information interchange typi-v
cally exceeded the rate at which an individual could learn to accept the
idioayncracies of another person, or, to cope with values. markedly different
from his own. Under these circumstances, individuals capable of controlling

their aggreseive impulses had a tendency to withdraw, which resulted in a

‘ 3W Haythorn. "Social Emotional Considerations in Confined Groups," in
The Effects of Confinement on Long Dura*-»n Mamed Space Fquhts,
Proceedings of the NASA Symposium. 1966, vp 8-15.
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breakdown of communicationg. Individuals beguan to guard their personal

possessions and establish territorial rights which were zealously guarded.

. Sells and Rawls54 reported that Altman and Haythorn,s5 and Cowan and

Str.‘.ckland.56 both reported that territorial behavier occurred earlier and
more extensively among their isolated experimental subjects than among
controis,‘and that it 1ncreésed with time.

It has been reported that status leveling is a frequently observed

occurrence in groups that are both isolated and confined.57'58’59’60’61’62

543, sells and J. Rawls. Effects of Isolation on Man's Performance, USI
20, Bioengineering and Cabin Ecology, Science and Technology Series,
American Astronautical Society, Tarzana, California, 1969.

5SI. Altman and W. Haythorn. "The Ecology of Isolated Groups," Behavioral

Setence, 1967, 12, 169-182. '

56E. Cowan and D. Strickland. The Legal Structure of a Confined Micro-
soctety (A Report on the (ases of Penthouse II and III), Internal Working
Paper No. 34, Space Sciences Laboratory, Social Sciences Project,
University of California, Berkeley, August 1965.

57p, Torrance. 'Leadership in the Survival of Small Isolated Groups," in
Symposium on Preventive and Social Psychiatry, Walter Reed Army Institute
of Research, Washington, D.C., 1957, pp 309-327 (a).

5??. Torrance. ''What Happens to the Sociometric Structure of Small Groups
in Emergencies and Extreme Conditions?" Growp Psychotherapy, 1957, 10,

212-220. . :

J. Rohrer. Studies of Human Adjustment to Submarine Isolation and Impli-

cations of Those Studies for Living iv. Fallout Shelter, Working Paper,

Disaster Research Group, Division of Anthropology and Psychology, National

Academy of Sciences-National Research Council, Washington, D.C., 1959.

59

605 sells. Tapescript fa‘Accompany Tape Recording of Research Report on

Leadership and Organizational Factors at Effestive AC&W Sites, AF Comtract .
No. 41(657)-323, Institute of Behavioral Research, Texas Christian
University, Fort Worth, October 1963.

6lg. gells. Capsule Society. New Problems for Men in Space on Long-
Duration Missions, presented at the Conference on Bioastronautics,
‘Virginia Polytechnic Institute, Blacksburg, Virginia, August 1967.

62y, Wilkins. "Group Behavior in Long-Term Tsolation,” in M. Appiey and
R. Trumbull (eds.), Psycholegical Strees, New York: Appleton-Century-
Crofts, 1967. o ’




~ The close assoclation and lack of personal érivaqy chnrncteriétic of groups
confined in small areas tend to equalize or "lévclf the social status of all
the occupants. This would make it difficult to maintain superior/subordi-
nate relationships when absolute discipline is requirsd for mission
accomplishment. In combat, the ténk comrander must bé able to exercise

. absolute authority during critizal periods. Thereiore, status leveling

could bezome a problem in situations requiring‘frequent and exten@ed periods

of operations in a buttoned-up mode.

Another tendency in isolated groups is to direct‘anger, scorn, and
ev‘en ridicﬁle, with an intensity often out of proportion to the focal
{ssue, on external competitors and superior authorities;63 Coﬁmanders
must realize‘the existence of th%é problem, and develop means of coping
with it effectively. Research inAthis area is obviously nee'ed, as means

'of handling this displaced aggression are yet to be devised. How mucﬁ of
a préblém this might become in armored operations is not known.

The term claustrophobia is well known to the American public. ' How-
ever, the US Navy is apparently the only’branch of the military to be
concerned about this type of fear. The submarine serviée has attempted to
find practical techniques to assess and detecﬁ individuals with subaclini-
cal glaus;rophobic tendencies prior to exposure to conf?nement. The .
Escape Training Tank serves as a deviée for revealing these tendencles
to thefmedical officet‘s;gttentionﬁ A similar Eype of traihing'device
that ‘ armor might be able to use for screening cl?usttophobié~prone indi-

- viduals 1s éﬁ underw;éerldriving course vhich would be‘monitOted by TV
cameras. Thug, the'individuals could be observed performing in a con-

bt " fined environment.

635 sells and J. Rawls, op. cit., 1969.
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A gtudy of claustrephobic reactions by Kinsey. and Hu_:-phreo64 founa
that neither simple srreening.mcrhods nor Rorschach tpsring'ﬁas:effect!‘c
in detecting fndividuals with sub-clinical clnuatrnpl%ob_ivc 'tendenéiee. ‘

The subjecta in the srudy Jater exhibited phobic responses which were @ -
parcntly precipitated or aggravated by stresses encountered in the sub-
marine service.

Kinsey and Murphree reported three var;agt teactions:- (1) about hailf
of the subjects were previously aware of their condifi&n,‘ﬁﬁt entered t.e
submarine gservice anyway amd, after doing sé, éould‘not tolerate the re-
su}ting discomfort; (2) others were totally unaware éf tﬁeir claustroph-bic
tendencies until they suffered the onset of acute symp;oms;-énd (3 skiii
others appeared to be chronically anxious individuals who, in the faée C:
unusual stress, unconsciously used the symptom to temporarily extricate
themselves from the situation. It was determined thaf volunteers for
hazardous or unusual duty ma§ have beer motivated to volunteer because «f
1ndiv1dga1 needs of which they were not necessarily aware.

‘In summary, Kinsey and Murphree found that claﬁggrophobi#, as a brcad
concept, ié a symptom or symptom—complex which can ocguf.in indiyiduals'of
diverse pé?sonalit& structuré and . in response to varied needs. It dées,
however, seem more likely'to appeafvin 1ndi§1dpals who habitually ;tilize:
h&s;etic qharacter,defenses; ‘They, thereforé, concluded that it is not
likely that indi&iduals with sub;clinicgl‘clausttophobic ic#iencies can
be detected until a stressful situation has provoked symptoms or'until rhe

1ndiVidual voluntarily seeks psychiatric help.

64J‘ Kinsey and H. Murphree. (laustrophobic REactiona'téleme Streesges oF

the Submarine Service, MRL Report No. 262, vcl 24, no. 2, Medical

Research Lab, US Naval Submarine Base, New London, Comnecticut, Ap;11,1955.
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65 )
Whitney encapsulated -@ight ~wperienced tank crewmen In each of four

experimental work ~ptes Yor 24 hewrz. The sitting pesture for the dif-
jereni spgéez rangal (tom reciinirg to fully upright. Each experirent
included pavebalegical and drincled pnysiological_teatiné. No instances
of seve%e‘y ad oo veptoss asseciated with fhe experimental condition
wers inund. it was ccncludéd that the crew spaces used provided &ppro-
priate space for crew accommodations for prolonged occup#:ion. 1+ should I

be noted that this was a labcratory study and individuals were not re-

Gguired to verform any tasks{ occupatipn'of the vehicle for 24 hours orly

was Investigated.

While peculiafitias in behavior have been observed under conditicus
of confinement; the ?itg:ature réviewed did not indicate that confl!nemeat
.alone would result in ety gross persorality digturbances. Bizarre per-
~ sonality manifestations are reported primafily in the literatur: oi entreme

sensory deprivation, and was not cited here as 2t ¢1d vo*t seem relevent,

. ' 66
Sells and Rawls,  in tlieir review of the literatur~_  aizo observe: rhal
the conscquences of confinement need not necessarily be sever:. Thay'

statce:

.+. On the other hand, in situations invuiving trained,
disciplined personnel and ir the absence of major: '
disorganizirg forcee of disaster, the occurrence of
+ serjous overt interpersonal conflict, deterioration of
interpersonal hehavior and group disorganization,
. frequently wentioned in the anecdotal literature has
been rare, : ‘ o '

——

6.5, Whiiney. Fighting Vehiele ReSearch Ccpeule Irvestigatior, APRC-71/
fV1  A:my r'ersonnel Research C.omittee, September 1971.

665, se:.w ~nd J. Rawls, cp. cit., 1569.
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Ferformance During/Aftei Confilement

In a study by Hauty.b’ cubjects were conffned in a siaunleted space

cabin for seven davys aﬁd perfrrmed several tasks on a four hour on/four
hour off work/rest cycle. Performancé of radar monitering aud vigllarce
tasks declined,.while rerformance of discrimiration and problem-solving
taskhs showeu littie deérement. In a study by Ccmiston,6a subjects con~
fined 1ndiv1dua11y in 4 enzall capsule for 46 hours.sﬁowed a decremer.t in
performance on an'aerial reconnailssance task, yut rot on cognitive
measures such as.yercepLual speed and accuracy, form disecrimination, or

69

leht morditoring tasks, In mother study by Ormiston. subjects cen-

{ineé iadividi :ly in a small cubicle for eipht hcurs showed no ¢’¢-
ferences on tracking, mon.ioring or tiwe estimation rasks when compard

te subjiects who weire .ot contineu.

. 7o , ' .
Flinn, et al., resccted tihat cublects confinei in a tvo-man cgbin

slzulator fur 30 days were -le to maintéir edequate pexformanie and

mcrale. cespite the octurren.. of sowme personc. reseatment. Ian 3 study
. T2 : X .
by Hatcmen, ot ai., foum palve o f gubjruts porclelpated in a2 simuvlatad

————-

—— s —

“7c. dauiy, "P§y9vnlo;tca1 Problems -t Space Flignt," in O. Benson, Jr.,
ind M. Crreshoud feds.), TRystes -md hedictne of the Atmogphere and
 Spacr, Wew York: Jora Wiiey, 1950, pp 409-421.

6o _ - e - . . .
L. Truistou. e cfecre of Confinemert o incellectual cpd Perceptucl
‘Funetioning, ASD Technice) Report 61-577, Aerounautical Ssgtems Division,.
Wriosht-Pacterson AV3, Cido, 12€1. :
'e’n. Or«istor. A Methclecaical Studu of romfirerient, WADC Technical
Peport 61-258, Wrfoht Air Develoupment Ccmmand, Wright-ratt-rson AFB,
Chio, 2961. ' :

70

0

D. Fltan, J. Monrce, J ., € Cramer, a.¢ L. dage1. Ctveilvocions in the
SAM Two-Man Ypace Cabia Slmulator. IV B havioral Fe«tods in Selection
and Performance,' A.r.upace vYedinne, 31702, 71!, 610-F18.

\ f
-

JFB. Bartwan, 3. Welch, and K. MKet zle. sertormarce Eifedt: in '7-
Lay Siwr. lated Space fFlipris," Jorcapace Mecio'we, 1967 33, '098-'102.

'
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17-dav space flight. Their perforrance on a serfos'of pevchomoazor taaks
) 8 3, ;

was found to he unvelated to lenpgth of work day, day véraua 'l\!.ﬁh:, (s 3
duration.nf flight. 1In a study by Hanna andv(;aico,-"z naval Cl'.llinte\;l =en
were confined under simulated #!ight conditions for soven days. Their sub-
jects showed no deterioration of psychcomotor or‘intei?éétpal functinns,
ever. though the confinement conditions were less than sptimal. |

| All of the above studies were cited in Carnon, Dr.cker, and Xesalet,73
which is one of the few sources 1 d that male an attospt to ascertain

what information was available in the literature on arvor opérationé over
extended periods of time.

74 in a series of studies, investigated the effec:s of con-

Hicks,
finemeni on riflemen's performénce in combat relevant t33k5 following
perioés of confirement in APCs., In particular, subjectswbgre confinéd
for periods of four, eight, 12, or 24 hours, ‘Stamina, Cqﬁilibrium, hand~-
~arm stead iness, and eye-erm coordination were all found to:be advercely

75 thers was a signifi-

affected. For example, ia Hicks' feur-hour study,
cant loss In rifle firing éccutacy, a loss of both stariza and gross motny
coordination. and disturbances of equilibrium.

Further, Hicks fourd, [or repeated confinement of subiects acclima-

tized to 3 hot-wet envlronnqnt in Panama, tuat the greatest i¢ctement in

72 = ' ~ '

T. Hanna and J. Gaito. '"Performance . Haoitability Aspects of Extended
. Confinement in Sealed Ca‘oins," ierospace Medicine, 1960, 31, 399-406.
73D Cannon, F. Dricler, and T. Kessler. Swmnary of Ltte*ature Review on
Extended (:ci2tions, HumRRO Consulting Report, Human Resources Research
Orsnaization, Alexandria, Virgin‘a, December{1964.

745. Hicks, op. cit., 1964.

758 Hicks. The Effects of Four Hours Confinement in Mobile Armored
Pergonnel Carriers on Selected Combat Relevant Skills: A Pilot Study,
"Technical Memorandum 3-60, US Army Human Engineeting Laboratories.
Aberdeen Proving Ground, Maryland, 1960. .
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performance ccrurred after the first paricd of confinement.’® Ilacreasing

corfinement time and/or decreasing ventilation further did noi decrease

. performance. These observations suggest an adaptation pheonomsaon which

allcws the.suhjecta to adjust to the environment while st11l matutaining
an acceptabls level of pérformﬁnce. In this study, an acéeptable perfor-
mance level was defined as perfofmancé which did net differ sigrnificantly
from pre‘confinément praéticé levels;

In a sumnary of Lis resulits. Hicks pointead cut that‘several identi-~
fiot:le facﬁqrs contributed to the ebaerved.perfermance decrements. The
most cbvious was the extreme movement limitation imposed by the working

[

spacé ard the resulting less of cilreculatica in the lower body. Tihe rims

on the buckei seata amd the backrests caused a er=i. deal of discomfort,

varticuis-ly vhen riding over rou«™ _exrain. A lack of adequate stowage
space aiso presented . pr Ylem. thipmeﬁt had to be stowed in the aisle,
furthe~ - estricting movement and increasing the cramping of crew members.
With longér staysvin the vehicle, equipment became more.and more a nui-

sance as it shifted about and cluttered the floor.

’Sumar'y and Implications .

. Releviant studies havé éhown,no serious 6r sevére psycholcgical'or

physiologicallsymptoms resqlting from relatively ghort times of confine-
ment iikely to be encountered in. armored vehicles. The éiscomfort from
confinement in'armored vehicles is- basically a physical réstriction due

to the limited space available. Loss of gross motor coordination after

765, Hicks. The Effects of Repeated Confinement on the Performance of

.'Men in a llot-Wet Environment, Technical Memorandum 7-63, US Army
Human Engineering Lsaboratories, Aberdeen Proving Ground, Maryland,
January. 1963. : . ’ :
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short confxnement has been cbserved and could become soriovs i the craw
were to havebgo dismbﬁnc Qnd Qeek safety cr engaze in ground coebat wit. -
out readjustment time. |

The moat nhvibuu'fécfﬁr whics contributes to riiformance degradation
is the extreme limitation on bod ; =ovement thch i1s imposed by the
s~hicle :outiguration Tes the resulting loss of circulation_in_the lower
bedy. Alinotgh not speéifically mentioned as a problem in thé research
reviewed, the restriction of the Qiauai area imposed on the crew during
- | but toned-up céndiﬁions should be investigated for its effects on target
detection and acquisition.

It may well be that performance during and following buttoned—up -
:porations in the future will be quite different from that shown in the
few previous studigs reviewed. Crew members in these studies operated
under less than.ideal circumstances and ih vehicles not designed for
pperating under conditions of prolonged occupancy. Training for armor
crews has rarely emphasized closéd-hatch operations and, 1f done at all,
was intended to. co&er onerations for short periodslof time oniy, usuaily
when it was neceasary to .obtain protectiou against overhead artillery.
Better vehicle design, coupled with appropriate training, may completely

'. counter any undesirable effects of short-te:mlconfinement.
Combat Stress
There are a number of factors in the total’environment which intez~
.fere with adjustment and are generally accepted as being stressful. Among
factors which have been cited as occurring in natural settings or employ-.

«d as stressors 1n,1aboratory situations are such varied things as

N~ _physical danger (threét of injury or dgath).'fatigue, isolation, sensory
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depriyation, confinement, crowding, personality incompatibility, lack of
privacy, noise, vibration. heat, cold, hunger, thirst, monotony, and fear
of failure. Although it has been proposed that arousal resulting from
moderate levels of stress (particularly physical threat) may facilitate
performance, the degradation of performance under extreme or prolonged
stress is not questioned. | |

Many of the stressors listed in the paragraph above are likely to‘
apply at some time or another to tank creﬁmen during buftoned—up operations.
In fact, several stressors are likély to be acting in conjunction. Those
most applicable to the buttoned-up situation are discussed as separate
sections of this report (e.g., heat, cold, vibration, and noise). However, .
the soldier, by virtﬁe of his chosen profession, may also face the thfeat
of imminent physical injury or Qeath during combat. This threat is prob-
ably the greatest and most consistent stressor he must cope with, and 1is
the subject of this section.

The nature of the relationship Setween comba; stress and perforﬁance
1s not well understood. Little success has brzen had in attempts to pre-
dict individuallreacfipns tovs;resa. Rélationship;'discovered in one
popu;aiion or one time or one situation have not been géne:alizable to

'

other settings.

Helmreich7?

.stated that:

In laboratory settings where conditionsfare less extreme
than those in real 1ife settings, investigators know .
the high frequencies of failure [of subjects] to complete
studies bocause of excessive emotional strain, large
decrements in performance, and profound interpersonal

77R. Helureich. Human Reartions to Psychological Streess: $tress, Selj-

Esteem, and Attitudes, Technical Report No. 12, Department of Psychclogy,
University of Texas, Austin, November 1970.
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conflict. In contrast, successful confrontations with
extreme gtress have been noted in combat, exploration

parties, paratroop training, and saturation diving. In
other worda, & projecrion from laboratory to simulation

© studies of environmental stress would lead to the patently

talse prediction that humans could not successfully tole-~
rate the high stress found In natural settings.

+

One of the major conclusions reached by a fatigue and stress symposium

‘conducted by the Operations Research Office, Johns Hopkins University, in

8
19527

was the the "present knowledge of the fundamental mechanisms of

fatigue and stréss is inadequate to define the degree of impairment,

establish permissible limits of deterioration, predict imminence of com-

plete collapse, and dascribe the interrelation of stresses and tolerance

limits under varying conditions."” This panel recommended that data from

actual combat conditions be used to study fatigue and stress.

A useful definition of combat degradatior. was presented in a report

by Walker and DeSocio.’?

"equivalent to the compl

Combat degradation means any reduction in performance
of a system using human operators which is associated

.in any way with the performance of the operators, and

is measured by the ratio of the error measured in com-

bat to the errrrs in some peacetime condition. It does
not include ady lack of reliability of the system or

any failure in| performance of inanimate components.

Tt may be due to any factor affecting the operator, such
as inadequate briefing, difficulty of recognizing targets,
enemy evasive maneuver, as well as to combat stress, and
it can be reduced by "motivation."

' Obviously, what Walker jnd DeSocio refer to as combat degradation is not

te psychiatric breakdown often reported during

long and intense combat. However, it serves as a reminder that performance

78Fa

tigue andetreas'Sympos{um, 29-26 Jarumry 1952. Operations Research

Office, Johns Hopkins University, Chevy Chase, Maryland.

79N, Walker and E. DeSodio. The Effect of Combat on the Accuracy ¢f
Various Humen Opzratorn Centrol Systéms, Report No. 9, Norman K. Walker
Associates, Inc., Bethesda, Maryland, Arril 1964,
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can be degraded by the gtresses of combat without the affected individuals
becoming casualties.

Mitchel |, Walker, and Metland "0

attempted to currelate performance

In combat and pertormance in particylur artificial streés-lituation;. One
sample was composed of 305 infantrymen in Korea and the other of ;20'
trainees‘ at Fort Ord, California., The ax‘ltificial conimf: stress situations
used were the mock parachute juup, electric shock, snd firefighting. . The
correlation between the artificial stress test scores énd combat perfor-
mance data were too low to alng use of the artificial test situation as
an indirafor of stress toleiance.

As mentioned earlier, the nature of the relationship between combat
stress and performance is not known. Stouffer, gs.gl.,sl as reported by
Schult2,82 identified (in their extensive studies of World War II com-
bat) types of stress which serve to weaken man physically and psychologi-
cally. Some of these stresses include: (1) prolonged frontline duty
with its ever-present threats to life and limb; (2) extreme physical
‘discomforf,‘inciuding extremes of teﬁperature, inadequate food, water,
vlothing, shelter, lack of sleep, insects, filth, facigue, etc.; (3)
anxiety engenderéd from a death or woundi£g of close friends énd'a |
‘constant exposure to the wounded and dying; and (6)'depr1va£16n of tﬁe

83

usual sources of affer and security. Garner,’’ as reported by Schultz,

80y, Mitchell, G. Wal.  nd T. Meiland. Inferred Correlaticn Between

Combat FPerformence ~  .ome Field ILcboratory Stresses, HumRRO Memo-
ramium, Human Resea Unit, Fort Ord, California, November 1958.

8lg, Stouffer, et al. uhe American Scldier: Combat and Ite Aftermath,
(Vol 2), New York: Wiley and Sons, 1749. ' :

82

8

D. Schultz. Panic Behauior, New York: Random House, 1964,

H. Garner. ."Psychiatric Casualties in Combat," War Medicine, 1945, 8 .
343-357. ' ’ . o -
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ties or replacements, or when personnel do not have sufficient opportunity

" show that when'unitﬁ remain in contact with the cnemy during combat,

sugpested that anythinp which reduced the soldier's morale, such as loss
of confidencé In his leaders, could also predispose feelings of pahic.
Schultzxﬁ ynotes that when & soldier {s cut pff from his usual ;ources 6(
affection, security, and status, he turns more and moré to his military
primary group for satisfaction of his basic emotional needs. When this

sense of group identity and belonging is disrupted by too mary casual-

to even develop this group identity, they are less able to resist the
étresses of battle and are more predisposed to behave as.individual§ and
to be concerned with self-survival rather thén with survival of the gfoup
as a whole. .
Several studies of statistical records have shown that theré is é
higher rate of psychiatric caéualties among soldiers during coﬁbat than

during non-combat,85'86 as reported in Cannon, 55133.87 Other records

regardless of whether it is moderate or heavy, offensive or defensive
combat, there is a dieptoportionate increase in. the number of psychi-
atric casualties' as compared to the number of wounded after four days.

This-was not the case, however, for units advancing against little or no

84D. Schultz, cp. ctt., 1964.

853, Sagebiel and L. Bird. "Study of Psychiatric Casualties Received at

. US Naval Base Hospital From the Solomon Island Battle Area,” Navy .
MbdicaZ-BuZ7rtin, 1943, 41, 1629-1637 (Psychological Abstréct. 18'50&),

86J Marren. 'Pgychidtric Problems in Troops in Korea During and Following
Combat,” US Azwmd Forces Medical Journal , 1956, 7 715 726.

870. Cannon, E. Drucker and T. Kessler, op. czt., 1964.

B8 Hanson (ed.). '"Combat Psychiatry: Experiences in the North Afri-~
can and Mediterranean Theaters of Operation, American Ground Forces,
WWI1," The Bulletin of the USA Medical Department, 1949, 9.
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opposition. There is little qdestion but that the longer men are in com-

bat, the more likely they are to become victims of combat exhaustion.

89

.Records of men in the Normandy Assault indicated. that men adjusted to

. combat in five to seven days, reached peak efficiency in 21 days, and wain-

tained this efficlency for about one week. After about 30 days, the first
signs of combat exhaustion (stomach disturbances, extreme irritability,
loss of confidence, fatigue, unrelieved by rest up to 48 hours) begaa to

appear.

In the 4th Armored Di;ision; ten weeks in combat was apparently the
breaking point for many ﬁén, as :epotted in a study bj Mericle.90
Mericle also reported thﬁt haviﬁg a tank "shot out from under them" two
times was the limit fﬁtvmost men. Combat exhaustion symptoms were é*—"'
tremely likgly if a thifa.tank was deéttoyed‘by enemy action.

Various estimates ﬂave been given for the length of time troogps
should be ieft.in combat. These range from 120 to 200 days.91 ‘Based on
casualty rates in Italy, a goal of 120 days‘was set. Beede and App1e92

analyzed 2500 World War 154 (WWII) infantrymen with high-risk assignments

to determine the capacity of US infantrymen to withstand stress without

" breaking down psychologically. They reported the probability of becoming

8 . Y .
9R. Swank and W. Marchand. "Combat Neuroses: Development of Combat -

Exhaustion,” Archives of Neurology and Psychiatry, Chicago, 1946,
55, 236-247. , o |

90f . Mericle. "The Psychiatric and the Tactical'Sitﬁation in an Armored
Division," Bulletin of US Army Medical Department, 1946, 6, 325-334.

91 :

R. Swank. '"Combat Exhaustion: A Descriptive and Statistical Analysis

of Causes, Symptoms and Signs," Jourmal of Nervous and Mental Digorders,
1949, 109, 475-508. :

9 - . . '
2, Beede and J. Apple. Variation in Psychological Tolerance to Grownd

Combot in World War II, Division. of Medical Sciences, National Research
Council, Washington, D.C., 1958, ' :

46




a battle.Casualty to be a!decreastng function of stress. and the proba-
bility of becoming a psychlatric easua]ty a rapidly increasing ome. Beede
and Apple also estimated that about half of the men would breakdown psy-
chologieally iflsubjecfed to more than 86 to 90 days of .combat during
waich their company sustained casualties. The records of rifle companies
in WII showed that the average time requirement placed upon men in the
Mediterrean theater was such as to exceed the breaking point of 45-50
percent of the men.

' Davis and Taylorgavstudied the effects of combat stress during the
Korean conflict. They found that "probortionately more time was required
to recover physiological normalcy following intense combat than following
less intense combat such as a boldiog defensive action...."

Berkun, EE.El-'94 compared the behavior of combat-experienced troops
and troops with Army experience (new recruits with up to but not more
than.four weeks of basic training)lwhen faced‘with a perceived threat of
injury or -death. Although the subjects were not actually inldapger, they
found themselves 1. situations in which they thought that accidental cir-
oumétances'piaoed them in the path of a forest fire, an artillery practice
'1opact}area, or in an area'of heavy radioactive fallout. The inexperi-
enced troops broke down'more.e'asily ‘and'verel unable t:o help .themselvee,ﬁ\——r

whereas the experienced troops took appropridte measures to deal with the

situations.

935, pavis and J. Taylor.‘ Stress in Infantry Combat, Technical Memo
ORO-T-295, Johns Hopkins University, Chevy Chase, Maryluad, September
1954,

Yy, Berkun, ﬁ Bialek, R. Kern, and K. ‘Yagi. "Experimental Studies of
Psychological Stress in Man," PBychoZogznaZ Nonogruphs, 1962, 76,
No. 15 (Whole No. 53&) .
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Much anecdotal information is available on combat stress. However,

it 1s virtually impossible to verify 1ts validity. Also. anccdotes

almost always deal with extreme cases. Therefore, taken at quo value,
they mig“t well. lead to expectations that cannot be fulfilled.95

Unfor tunately, most of the data available on combat stress concerns
either infantry, or is nonspetific regarding duty positions. No data
concerning ermor crewmen specifically was located. As a result, there are
no indications as to whether armor crewmen are more or less prone to
psychological breakdewn than other soldiers.

Experimental studies of exereme or long-term stress are rare indeed.
The ethics of stress teeearch have always been questioned by some, and
have become much more of en'issue in recent years. As a result, the data
which are available tend to come from the behavior of people during war-
time or during and following naﬁural disasters. The lack of control in
such naturalistic observation makes evaluation ef'atress effects diffi-

cult under combat or other hazardous conditions.96

Summary'ahd Implications

The literature on stress enumerates many problems invblVed in drawing
comparisons between perforvance in laboratory studies and field studies.
It is generally conceded that there is little correlation between perfor-

mance in combat and performance in artificial stress situations. .This

'natu.ally makes 1t difficult to conduct realistic research on stress

L

tolerance to combat. Studies conducted concerning actual tombat situations

95p. Cannon, E. Drucker, and 1. Kessler, op. ctt.; 1364.
96w. Harris, R. Mackie, and C. Wilson. Perf‘omance Under Stress: A

Review and (ritique of Fecent Studies, Technical Report VI, Human
Factors Research, Inc., Goleta,.California, July 1956.
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indicate higﬁ casualty'rates due to psychological breakdowns. fhe in-
vestigators agreed that there is a 1imit to man's capability to'wfthscand
combat stressas. However, estimates of how long men éan remain in combat
and still function effectively ranged from 30 to 200 days.

Few studies wene_uncovered'by the literature gsearch dealing directly
.with‘stresS under buttoned-up éonditions. _Combat studies dealing with
stress have been iatggly conce;ned with evaluating performance with
infan;ry.units. Similar research on the effects of combat on armor

specialties specifically is needed.

Noise

The effects of noise on the human organism can be classified as:
(1) simple annoyanée, (2) interference with verbal communication, (3)
effects on psycbophysical functioning, and (4) permanent hearing loss.
Most of the criteria for noise limitation have been set to prevent per-
manené hearing losses.. Design standards for Army materiel for this
purpose are contained in Human Engineering Laboratory Standard (HEL STD)
5-1-638.97 Hodge‘.98 in his presentation to the Conference on Continuous
Operations in 1971, felt that the best évailable Damage-Risk Criteria

- (DRC) for both steady-state and intermittent noise were those developed

by the National Academy of Science/National Research Council (NAS/NRC)

97‘R. Chaillet and G. Garinther. Maximum Noise Level for Army Materiel

Command Equipment, HEL-5-1-63B, US Army Human Engineering Laboratory,
Aberdeen Proving Ground, Maryland, June 1965.

98D, Hodge. "Environmental Quality Considerations for Continuous Opera-.
tions," in D. Hodge (ed.), Military Requirements for Research of
Continuous Cperations, Proceedings of a Conference Held at Texas Tech
University, Lubbock, Texas, 28-29 September 1971, Technical Memorandum
12-72, US Army Human Engineering Laboratories, Aberdeen Proving Ground, -
Marland, April 1972, pp 39-50. . ,
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Committee on Heariug, Bloacoustics, and Biomechanics (CHABA).9 The

Natlonal Institute of Occupational Safety ané Health {“1PSH)100 hes
also published a set of standards. 'However, this latter . :: may not be
applicable to a nilitary environment for two reasons. First of all, these
standards are set for personnel working 40 hour weeks over a Iifeti@e in

a gilven situation. Militafy ﬁersonnel rarely work in the same situation
s0 consistently: Secondly, in a specific military setting, the cost of
maintaining peacetime industrial standirds may be so great as. to force'

an acceptance of some amount of hearing loss to personnel. A tradeoff
between desirable and achievable limits i3 often necessary. Also, in'
situations whgre noise levels are e#petted to exceed accepteble levels;
the Army assumes th#t protective devices will be worn. Criteria for regu-
lar exposure to noise fo¥ periods exceeding eight hours have not been
developed.

While agreement on standards is not perfect, disagreement is not

great., In general, it is accepted that the upper limit for steady-state

noise is in the vicinity of 9C decibles (dB). The upper limit for impact

" noise depends on the number of impacts received per unit time,'but is in

the area of 140 4B for relatively infrequent imﬁacts. Occasional impact

noise levels up to 160 dB are considered acceptable by the Army.

101

Mtlitary Standard (MIL¥STD)‘1472A ‘'sets the Army standards for

permissible noise levels for non-interference with speech. The acceptable

99Hazardous Exposure to Intermittent and Steady;State Notse. Report of
Working Group %46, NAS-NRC Committee on Hearing, Bicaccustics and Bio-
mechanics (CHABA), Washington, D.C., January 1965.

1OO[Conference on] Noise Evaluation and Conirol, Temple Texas, 1975, pre-

gsented by Texas A&M University, Occupational Health and Safety Institue.

loluilitary Standard 1472A. Human Engineering'vésignnCriﬁéria for Military
Systems, Depcrtment of Defense, Washington, D.C., May 1970.

50




- Al m e
qz"%r, %o
il

levels are, of course a‘funcricn'nf the level 'of the spee:® - .mmunica-
tion.
There is a considerst e bodv =i research on the effects of noise,
In general, tﬁe'findings have been consistent. Therefore, in the sec-
: . tions that follow, oﬁly a few examples illustrating specific findings

relevant to this research area will be cited.

Effects on Hearinﬁ

The damage. to hearing caused by noise 1ic dependent upon the particu-
lar individual, the intensity of the noise; its spectral composition, and
its duration. Hearing losses become greater under high intensity, long

duration, and narrow band width noises.lo2 Hearing loss is also most

~rapid at the beginning of exposhte}1°3

Subjects exposed to & loud continuous noise for 22 days over a 47-
day period had their hearing measured aftef one, 12, and 90 days. The
initial loss in the low freduency ﬁreas was émall and showed a slow but
steady recovery. Those who showed the greatest threshold shifts éus— '

tained the greatest permanent loss.loa

106

Mills, gg_gl..los and Yuganov, et al., investigated the recovery

from temporary threshold shifts in acuity after exposure to noise.

102¢, Morgan, J. Cook, A. Chapanis, and M. Lund, op. cit., 1963.

193F.‘Berr'ien. Relation of Noige to Habitability of Submarines. A Swurvey
Report on Human Factors in Undersea Warfare, National Research Coumecil,
Panel on Psychology and Physiology, Hashington. D.C., 1949, pp 345355,

1045, Fletcher and M. Loeb. Changes in the Hearing of Personrel Exzposed .
to High Intenstity Continuour Noise, USAMRL Report No. 566, US Atmy
Medical Research Lab, Fort Knox, Kentucky. 1963.

1054, Mills, R. Cengel, C. Watson, and J. Miller. "Temﬁorary Changes of
~ . the Auditory System Due to Exposure to Noise for One or Two Days,"
. Jowrnal of the Acoustical Society of America, 1970, 48, 524-530. , ﬁ
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106y Yuganov, T. Krylov, and V. Kuznetsov. "Standard for Noise Levels
ir Cakins of Spacecraft During long-Duration Flights," in V.
Chernigovskiy, (ed.), Pwl.7ems {n Space Biology. Vol. 7: Operctionai
Activity, Problems in Habitability and Biotechnology, Moskow: Nauka
Press, 1967, 319-341 (Technical Translation F-529, National Aero-
nautica and Space Administration, Washington, D.C., May 1969),.

They focund that recovery took much longer when given ghifts resulted from

shorter exposures.

107

In a study of Army enlisted men exposgd to aircraft noises, Senturia
found that 18.9 percent of the men testéd showed elevations in thresholds '
of at least 15 dB for at least omne frequeﬁcy. Following exposure to
flight and‘noise of 114 dﬁ,lsuﬁjects witﬁ 24 hours of rest shoved re-
covery, while those with only one to‘eight hours of rest showed widespread
hearing losses (as revealed by elevated thresholds).

It seems Elear that exposure to intense sound levels produces at
least a temporary sh}ft in auditory acuity. Permanent’dgmage may result
if the inténsity is too great or too prolonged. High intensity noise
usuaily produces discomfort even when there is‘nd effect og.hearing,los

Also, intermittent noise and gigh frequency‘soupds afe tyﬁically‘judged
‘aore ann&ying'rhan»steady-state and low or medium fréquency auditory
' stimuiiJ Howéver, the‘subjecti;e-discomfo?t produced,by'thesevsounds -
Imay be more a function of their distracting properties than their effects
109 '

on hearing.

'

1078 Senturia. 'The Influence of Airplane Noise on Auditory Thresholds,"
Amn., Otol., ete., St. Louts, 1953 62 331-349 (Psychological
Abstracts. 29:3511).

- 108R Plutchik. ''The Effects on High Intensity Intermittent Sound on
Performance, Feeling, and Physiology." Psychological Bulletin, 1959,
56, 133-151. : .

109 e : o,
- C. Morgan, J. Cook, A. Chapanis._and M, Lund, op. cit., 1963.




Whether anv of these effects will be more severe in buttoned-up

operations than in normal armorcd operations remains to be determined.

Noise Level in Armored Vehicles

Garinthér and Blaziell0 obtained noise measurements in M60Al tanks

during four days of platoon-sized maneuvers. The average sound level of
a éank during operation was 98.5 dBA in the Eurret and the sound level at
the communications system earphone was about 104 dBA. This suggests that
tﬁe primary cause of héaring damage among tank crews may be the high fre-
quency noise levels produced at the ear by the communications syétem.

"Stewart‘and Barrow111 studied hearing loss in tank gunnery instruc-
t rs. They developed he;riﬁg iosses, first in the high tones and later inl
tones assoclated with normal speech. In another study on gunnery in-
structors, Machlell?2 reported that with repeated exposures, hearing loss
was similar to that observed in individuals who Qere exposed to sustained
high levels of steady-state noise. 'Hearing loss was cumulative, ﬁutbeven '
after exposures of six "o eight days, recovery occurred in a few days.
Exposure to noise in the interior of the ﬁlld armored command and recon-
naissance (scout) vchiéle for one hour resui:ed in tempor;ry hegping loss,
but A_one-and-on:-half hour rest period after exposure restored normal

’hearihg.113

110G, Garinther and D. Blazie. Acoustical Evaluation of the MEOAI Tark
During Typical Operations, Technical Memo, US Army Human Engineering
Laboratories, Aberdeen Proving Ground, Maryland, Harch 1973.

an "Stewart and D Barrow. ''Conrussion Deafness," Archwes of
OtolargngOuoqy, Chigao, 1946. 314, 174-279.

112w Machle. "The Effect of Gun Blast Upon Hearing," Trans. Amer.

Acad. Cphthal. Otvlarynn., 19%4-1945, 49, 90-96.

113”. Carinther. - Intertor Noise Evaluation of the T114 Arwmrbd'uoﬁmand
and Adcornaiscanes Vehiele, Technical Memorandum 3-62, US Army Human

Enginepring Laboratories, Aberdeen Ptoving Ground, Marvland, 1962.
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lWiegand114 investigated hearing loss with German tank test drivers.
Audiogrags were obtained for 84 tank test driversiand 49 engine test bed
operators. He:found that the noise level in the crew compartment during
movement was between 95 and 120 dB for German army tanks. He concluded
that without protection, tank noise will cause fapid and ‘permanent hear-
ing loss. Even with protection, the reduction was not adequate, es-
pecially for the frequency range below 10-24 Hertz (Hz).A.Estimatidn of
hearing loss was dependentlon the method of measurement ahd the procedures
used for e§aluat1ng hearing loss. Nevertheless, it was concluded that
for noige with this spectral conteﬁt and intensity, personal hearing pro-
tection will be of limited effectiveness. Measures for reduction of noise

levels within these tanks must be taken mainly at the noise source itself.

_Effects on Performance

Férshaw, Coffet, and Stong115 conducted a noise survey of the Centurion

tank used by Canadian forces. The results of the studyiindicated that
drivers and crews of vehicles and certain instructors and weapon crews rou-
tinely exceed the limits prescribed by Canadian military utandards. They

concluded that more effective hearing protcctiou devices and headsets vere

¢

required for vehicle crews.

In a series of six studies on the effects of high intensity noise,

Corsqlx6 found no deterioration in intelligence test performance, the

114y Wiegand. Hearing Loss Due to Tank Noise, Libtary Translation 1748,

Royal Aircraft Establishment, April 1974,
115g Forshaw, C. Coffet, aﬁd R. S.ong. A Survey of Noise Hazrds at
the Combat Arms School, CFB, uagetown, DCIEM No. 814, Behavioral
Sciences Division, Defence and Civil Institute of Environmental Medi-
cine, Downsview, Ontario, Canada, September 1972. ‘

6. , ) . . )
1 J. Corso. The Effects of Noise on F--an Behavior, WADC Technical.

Report No. 53-81, Wright Air Deeiopment Command. wright-Pattetson
AFB Ohio, 1952.
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retention of nonsense svllables, or the retention of menningful verbal
material. lowever, differences in pulse rate and pulse prcssnre,identi—
fied people as to their susceptibility to'noise.

Park and Pnyne1;7 stwdled the perfurmunco.of cellcge men subjected
to 98-108 dB noise levels. They found there was greater variability in

performing simple and'difficult division problems during intense noise,

* but no significant decrease in the number of correct solutions. l’].t.ﬂ:t:h:l.k]'-18

found no effect of 105-122 dB noise levels on the time required on a mir-
ror tracing task or on a compensatory tracking performance task. Subjecté
performing the Minnesota Clerical Test and the Revised Minnesota Form
Board showed an increase in the number of ettempted items and an increase
in the number of correct items when subjected to sound bursts or 100 dB,
but there was a drop in overall quality as indicared by an increase in
the number of incorrect responsee. The overall effects, however, were
to small to be of practical concern.119 ,

Azrinlzo studied 80 soldiers perform;ng a tenporal discrimination

task. Adverse effects from changee in noise intensity were reported, but

these effects were temporary and recovery occurred within 15 minutes.

?17J Park and M. Payne, Jr. "Effects of Noise Level end‘Difficulty of

Task in Perfoming Division," Journal of Applied Paychology, 1963,
47 367-368.

118g, Plutchik. "Effect of High Intensity Intermittent Sound on Com-
pensatory Tracking and Mirror Tracing," Perceptual and Motor SkzZZs
- 1961, .12, 187-194.

119 "
K. Smith. Intermittent Loud Noise and Mental Performance," Seience,

1951, 116, 132-133. .

120y, pzrin. tome Effects of Noise 'on Human Behavior, Technical Memo-

randum 6-58, US Army Human Engineering Laboratories. Aberdeen
Proving Ground, Maryland 1958,
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Performance on a watchkeeping task (monitoring a display of steam~pressure
gages) was impaired by a 100 dB noise when cbmpared to performance under
a 70 dB noise level. On an easier task, some subjects were affected by
the noise, although all subjects became less effective with continued

121
exposure.

Summary and Implications

There 1is good evidence that hearing is at least temporarily impaired
by the noise levels which may be normally encountered in tanks. ‘There is
also evidence that continued exposure is likely to result in soﬁe perma-
nent heéring loss. Aé best, the noise levels are likely to be annoying
and distracting. However, there are no data which deal specifically with
the differential effects of noise during buttoned-up opergtiéns compared
to open-hatch operations. Two questions concerning noise which must be
answer ed are:"(a) Does closing the»hatcﬁes increase the intensity of
normal noises such as engine and road noises, and (b) is the impact noise
from firing the main gun higher in intensity with t:h.e hatches closed? If
the answers to these questionsg are negative, then it can be assumed fﬁat '
noise 1is n; more of 5 problem in bgttoned-up,operatioﬁs than in open-hatch
épefétions. However, 1f the answer to either is affirmative, mo;e‘re-

search on the effects of noise will be necessary. Part of this research

,obviously should be concerned with protective devices.

121, Broadbent. "Some Effects of Noise on Visual Performance," Quarterly

Journal of Experimental Psychology, 1954, 6, 1-5.
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Vibration
‘There.are ceveral iﬁdf—ect effects of motion on crew comfort. The
most 1mp9rtant of thesenie fafigue resulting either from the motien it~
self, or from the effort expended p;eventing tossing while.attempting to
" maintain a satisfactori éitting position or in trying to perform neces-
sary functions. Other phys ological reactions, such as ﬂausea and dizzi-
ness, may also contribute to crew discomfcrt. Sternick, Stimmel, and
'Sattinger,lzz-iq discussions Qieh military personnel, discerred that meny
" individuals have a strong fear of being injured by'violenc motions that
;VcOuld throw.a person off-balance, that is, by the high amplitude transient
emotions that.may occur when a vehicle traverses obstacles. Because of the
1ikelthood of injury or even death in battle, soldiers are inclined fo
believe that the ability of the vehicle to perform its necessary functions
~— during combat is more important than their own comfort. As.a'consequence,
ithey tend to be satisfied with the ride eharacteriatics of existing ve-
hicles, and this tendency increases as they become acclimaeed to these
vcharacteristica

_ The Armored Medical Research Laboratoty123

conducted an 1ﬁvestigation
of the relationship between physical ‘effort and feeiingl of fatigue in

.tank crews. Of all the, tank commandet 8 tasks. the effort to hold .and

balance himself was found to tequire the greatest phyaical energy ontput.

: 1228; Sternick, D. Stimmel, and I. Sattinger. Human Reaction to Military-
Vehtcle Ride, Institute of Science and Technology for the US Army,’
University of Hichignn. Ann Arbor, undated.

Apprataal of Ktnd and. Degrea cf Phyasical Effort Requtred of Tank Crews
in Relation to Fatique. Pvojéct No. 5-13, Armored Medical Research
Laboratory, Research and Development Division, Office of the Surgeon
Ceneral, Department of the Army, Fort Knox, Kentucky, March 1945.




This difficulty was due to the roughness of the tank's rice. The greatest
physical energy expenditure for the.gunner and driver was reported to be
in maintaining a sitting position. |

Sternick, et al., found that suvjective evaluations of crew-vehicle
capability appear to have an important bearing on performance, particuiarly
with respect to maximum permissible speed at which off-road vehicles can .
traverse rough terrain. The results of their interviows with military per-
sonnel 1ndigated that maximum speed 1is largely a function c¢f the driver's
evaluation of his own ability to withstand violent moti;ns. Even.aﬁ mod e~
rate speeds, the discomfo;t associated with veﬂicle motion can reduce cfew
'qorale or otherwise indirectly affect their ca#ability. The results of
thé 1ntervie§a also indicated fear of peraonal‘injury as an important fac~
tor in determining maximum speed.

Despite tankers' fears, they are probably as rugged as the vehicles

they operate. For example, Horley,ll24

in a study on the vibration tole-
rance of tank drivers, repofted that the drivers can take more punishment .

than the tank suspension can.

Effacts on Performance

Loeb125 studied the effecta of 98 dB of noiae and two amplitudé evels
of 20 Hz vibrations. He found that, although noiae did not affect his aub-

jects' performance on " a number of psychomotor and other tasks, lncreasing

12“Petsomal Communication, in D. Cannon, E. Drucker, and T. Kessler, Swmmary
of Literature Review om Extended Operations, HumRRO Consulting Report,
Human Resources Research Organization, Alexandria, Virginia, De'embe*
1964,

125H Loeb, A Preliminary Investigation of the Effects of Whole-Body

Vibration and Noise, Report No. 145, US Army Medical Reseatch Labora-

tory, Port Knox, Kentucky. 1954.
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levels of vibration progressiveiy impaired visua; acaity. The only other
measure which was affected was a measure of manual sreadiness. According
to Loeb, "toe nature ofvthis effect 18 not a.simpie one since compen-
sating mechanisms may be brought in at various 1ntensit1ee." Hornick

found that iow frequency vibrations (similar to that encountered in moving

‘vehicles) significantly impaired human performance involved in the con-

trcl of a moving vehicle, 1.e., compensatory tracking ability, choice
reaction time, foo;rpressure constancy, and peripheral vision, during
and/or following vibration exposure.

Grether127 investigated the combined effects'of heat (120°F), noise
(105 dB), and “ibration (5.0 Hz, 0.36 Peak G) on tracking performance,
choice reaction time, voice comunications, mental erithnetic, and visual
acuity. Various physiological measures (body temperature, heart rate, and
weight loss) were taken. The combined effects of tﬂe'three stressors
used did not produce ary greater effects than did the most severe single
stressor. Of the two~way interactions, only heat stress was seen as pro-
ducing further effects. Thus, in this study, noise and vibration were
seen -as producing toe<greatest performance decrement. Of the performance
meaeures; particularly the track;ng test, impairment was olighcly‘less
for the triple-stress condition than for vibretion'aiooe. A second’ study

yielded essentially the same results.

126R. Hornick. "Effects of Whole BodyvV1bretion in Three Directions upon
Human Performance," Journal of Engzneerzng Pgychology, July 1962,

127w Grether. Two Experiments on the Effects of Combined Heat, Noise,
and Vibration Stress, Aerospace Medical Research Lab, Wright-Pattezson

. AFB, Ohio, 1972.
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Mozell and White128

studied the effects of double amplitude tre-
quencies between 0 and 50 Hz with amplitudes of .05, 0.1, and .16 inches
on subjects' performance in reading a mileage indicator, and performance

in a tracking test. They found that frequencies above 8.0 Hz had ad-

versely affected visual performance, with 40-50 Hz producing the greatest

decrement in reading the mileage indicator. The vibration levels used in

this experiment did not have any significant effects on tracking perfor-

mance. Fraser, Hoover, and Ashe,129

- however, found a decrement in
tracking performance related to the amplitude pf vibratibn. The double
amplitudes theylstudied were 1/16, 1/8, 3/8, and 1/4 inches, at frequen-
cles of 2.0, 4.0, 7.0, and 12 Hz. They also found "a significant but
inconsistent decrement ... under most circumstances when the display does
not vibrate in conjunction with the subject."

130

Catterson, Hoover, and Acie also found a decrement, related more

to amplitude than to frequ-acy, in performance on a complex tracking task.

They studied double amriitudes of .13 and .26 inches at frequencies

ranging from 2.0 to 15 Hz. Although each of their subjects successfuliy
completed the éO-minute expoéure to each of the 1e§e15 of vibration, all
reported varying degrees of abdomi;xal, back and?':hest pains at the higher

vibration frequencies (60lt6~15 Hz) with the .26 inch double amplitude.

| 128&. Mozell and D. White. "Behavioral Effects of Whole Body Vibration,"
Journa; of Aviation Medicine, 1958, 29, 716-724.

129¢, Fraser, G. Hoover, and W. Ashe. "Tracking Performance During Low-
Frequency Vibration," Aerospace }sdicine, 1961, 32, 829-835.

1304, Catterson, G. Hoover, ana W. Ashe. "Human Psychomotor Per formance
. During Prolonged Vertical Vibration," Aerospace Medicine, 1962, 33.
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Tracking proficien.y declined early in the 20-minute period, but was no
worse after 20 minutes than it had been after five minutes at each 1éV61
of severity. A pbysician was in attendance during the vibration exposures,
but none of the subjects suffered injury, nor did any of them volén—
tarily stop the vibration, although they were instructed to do so if the
vibration became intolerable.

In his review of the subject,‘Lindet131 indicates that vibration has
an adverse effect on aiming, auditory acuity, equilibrium, foot-pressure

constancy, and reaction time. Coll:l.ns,132 in his literature review,

.cites stwiies which invoived both hotizdntal and vertical motion com-

ponents in a simple tracking task. In all the studies which used vertical
vibraticn, it was found that the vertical ‘component of tracking error ’
showed significantly greater decrements than the horizontal .component.
Chanev and Parks,133 who varied the two components separately in two

different tasks, also found greater decrements in the vertical tracking

task.

134 135

Studies by Hornick and LeFritz, and Holland approximated long-

term vibration environments, and both found performance decrements over

131 : o o o
G. Linder. '"Mechanical Vibration Effects on Humsn Beings," Aerospace
Medicine, 1962, 33, 939-950.

A. Colliné. "Decrements in Tracking and Visual Performance Dﬁring
' Vibrationm," Hwman Factors, 1973, 15(4), 379-393.

133. Chaney .and D. Parks. Tracking Pbrd?uwnmce Durmng Whole-Body
Vibration, Téchnical Report No. D3-3512-6, The .Boeing Company,
Wichita, Kansas, 1964.

134p, Hornick and N. LeFritz. . "study and Review of Human Responses to
Prolonged Random Vibration," Human Factors, 1966, 8, 481-492.

‘1350 Holland, Jr. Performance and Physwlogwal Eﬁ’ecta of Long-Term

Vibration, Report No. AMRL-TR-66-145. Aeroapace Medical) Research Lab,
Wright-Pntterson AFB, Ohio, 1966.
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time. However, Holland's stuay suggested.that fetigue’éffears~nre no
greater In vibration environments than in.non—viﬁration.environmunrs.
Khalll ard Aynnb136 invegtigated tne effects of:work/rest schedules
upon an (ndividuaj'h performance of a vertical éqmpenantory trecking task
rerformed in normal and vibration environmenrs.{ éuﬁjects performed'this
task using four work/rest schedules for a period of one hour. Some of

their conclusions were: (1) vibration causes significant decrement in

vertical tracking ability (absolute’ tracking .error score increased by as

~much as 43 percent under vertical vibration), (2) complete recovery from

vibration effects did not occur during the period (15 minutes) allowed
for recovery, ard (3) the work/reat echedules having the longer work/rest
phases (30/30 minutes) showed less decrement in performance as measured
by average error scores resulting from vibration than those having shorter
work phases. |

In a follow-on study by Dudek, Ayoub, and El Nawewi,137 it was found

that as the work/rest schedule increased from 30/30 to the 60/60 minute

zcycles, lower error scores were experienced in the vibrating environment.

In. a normal environment, increasing the work/rest times resulted in
gfeater error scores. In general, t.. 30/30 minate work/rest schedule
appeared to be best-undet'all conditions'in 511 the etudins.

138

El-Nawawi studied the effecte of both normal and vibracion environ-

ments upon different crew sizes. A aimulated fout-station work system was

T. Khalil and M. Ayoub. ."Performance and Recovery Under Prolonged
Vibration," submitted to Huma. Factors, 1970.

13?R; Dudek, M. Ayoub, and M. El-Nawawi. ”Optimal Work-Rest Schedules
Under Prolonged Vibration," paper presented at the 4th Intermational
Congress on Ergomomics, Strasbourg, France, June 26-July 31, 1970.

138H. El-Nawawi. Crew, Perszmunce in Extended Operations Under Vilira-

tional Strec:, Doctoral Dissertation, Texas Teeh Uhiversity, LubbockA 1971.
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investigated with assignment of subjects to simulate eight-, six-, and

five-man crew operation with o work cycle (60 and 30 minutes) used in

" the crew schedules. Tt was found that tracking error scores increased

up to 21 percent under vertical vibration. Vibration effects on track-

ing accuracy remained the same the first and secénd two hours of the

‘mission with wider dispersion in the latter two hours as well as indica-

tions of the effect 'of fatigue and/or boredom. In general, the 30-minute
work cycle yielded lower tracking error scores than those obtainedlundgr
the 60—miﬁute work cycle sched;les. The advantage of performance for the
30-minute work cycleé schedules was greatly affected in the long duration
{twn héurs) missicns, especially under the vibration environment, which
can be attributed to .the smaller rest sessions provided in the work

scheduies.'

Summary and Implications

It 1is cleQr from the literature that tankers fear Injury whilé nego-
tiating obstacles or rough terrain, especially at high speed. It seems
likely thaﬁ much of this fear, as well as actual injury, can be-avoided
by the judicions placement of crasﬁ phds énd the employment of inertia-
reel type safety harnesses such as are ipstalled'in many 6f the néwer

autémobiles; Seats designed fd: greater comfort and safety shculd also

) be'considered, Finally,'in locations where crash pads cannot be used,

sharp corners on projections could be eliminated. A vetetah tank com~-
ﬁander'described his remedyvfo: sh;rp projectiéns to.the senior autﬂor.
Hg pickeﬂ up a ballpeéd hammer and said that he "whacked the he}l'out of
anytﬁing that hung him" so that the cornetsbor sharp edges would be

rounded. A'ra:her drastic approach to the problem, but, nevertheless,
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it points to a need for more thorough planning when considering crew |
saofety.

Vibration, especially the verfiéal component; appears to adversely
affekt tracking performance. Whether or nbt hit probabilities will be
significantly degraded by vibration and at whaﬁ amplitudes and frequen-
cies,' could not be determined from existing data. Certainly, this urea
is in need of investigation. |

‘While the data available indicate tﬁ;t vibration is aAEAjor'concetn
to tank crewmen, viBration is a0t likbly to be any greater during closed-
hatch than open-hatch operations. Therefore, the only real concern
peculiar to closed-hatch operations is the concefn with the ability of
crewmen to anticipate violent movemgnfs due to their reduced visual

‘capabilities.

Radiation
One'p;oblem which must.se faced is the extent to which threat of

expocure to radiaticn creates stressful conditioné, Sinée parformance
uﬂder‘sttesé is frequently poorer tharn pgrformancé under’ cther conditions,
1t'beqomes important’té iudicat; ways in which thege 11l-effects ma& be
';voideé or overcome.' The likelihood of tacti&al nuclear weapons being
used<in a mid~ or high-intensity war is exfremely igh. It is important
to be able to answ§: whether the thfeat_of exposwe to radiation will give
ris~ to psycholggical stress., Some insights ﬂawe qome from a survey of
current 1ndus;ria1 practices with tesféct to thg prioblem. The céﬁsenaus
of these practices is that étre;s and anxiety may He reduced by providing

a realistic orientation to the situation and training personnel for emer-

gencies.
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A general finding reported by Smith and Cox139 (generated from among

support personnel who were not familiar with radiatiqn safety procedures)
was that they expressed their anxiety by blaming radiation for various
unrelated symptoms which -they had diveloped.

In the studies examined, there were no sigﬁifiéant effects on pérfor-
mance due to ionizing radiation, except for the fihding tﬂar.if the docse
was large enough to produce radiation sickness, thet Bickqess would affect

performance.

Effects of Radiation
140

Payne reported that 200 roetgens was not edOugh to p;oduce radiation
sickness among a group of persona suffering from various forms of cancer.
The radiation was given in a eingle dose or ftacticnal doses over a five-~
hour period. Payne studied performance in a variety of psychomotor tasks,
including rotary pursuit, two-hand c°ofdination. ehd a tect of complex
.coordineeion. A qualifying factor is chet atudiearof-the effects of radi-~
ation have been concernad only with accidents at huciear reactor facili-
Eiee, or vith people suffering from neeplasuic diseahea. In this latter
cuse, however, the dose of radlation 15 deternined by the 111ne;s nf the
sudbject. Ip the studies by Payne, subjects wero'observed for a maximum

of ten days. At the’ eud of the ten-day period, there was sn 1nd1Cution

_thet perfnrmance had begun to fall among those subjects who had been

exposed to greater asmounts of radiation.

139k, sasth, Jr., and J. Cox, Jr. Methods of Ivduction of feu-kological
Strees Dwe to Fodiation, AFPTHC~TN-57-19, Personnel Leboretory, Adr
Force Personnel and Training Rescarch Center, Air Research Development
Command, l.ackland AFB Texas, February 1957,

140R. Payne, Tfeota of Acute Radiatton Fxporure m Human Prrfbnnancv,

USAFSAM Rev. 3-63. 1963, -
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Cannon, Drucker, and Kessler,

quoting from an Afr Force Manual,
stated that:

No permissible level for acute exposures has been
established. Present knowledge (November 1962)
indicates that 25 roentgens causes no observable
reactiona, 50 roentgens results in detectable changes
in the blood, 100 roentgens produces nausea and’
vomiting, 300 to 550 roentgens gives the indivi-
dual a 50-50 chance for survival without medical
care, and 650 roentgens is lethal. Experimental

' animals will survive if the equivalent exposure is
divided into two or more exposures separated by an
interval of time; however, their life span may be
shortened and tumors may develop.

143 indicates that individuals who have had previous

Saenger's study
expoauie will be less tolerant to'suboequent expogure even after they have
;ompletely recovered.'.Individuals who were exposed previously may, upon
being reexposed, become combat-ineffective immediately and béco-e incapable
of sustained or heavy'ﬁbrk for weeks or months. Premonitorv symptoms upon '
exposure to radiation are nﬁuséa,‘vouitins. aﬁorexia. and lassitude which
may last for hours. ' The intermediate effects usually last weeks. It was

found that human beinss recover slowly from the effacts of radiation and

are henceforth quite sensitive to —-adiation and’oftén exhibit multi-system

- involvement.

Kennedy. Ball, and Hootlaa estimated that the only immediate effects

of an initial radiation dosage of up to 150 rems would be mild nausea vithin

s few hours, followed by virtua]ly conplete recovery vhich vould last fot

I‘ID Cannon. E. Drucket. and T. Kessler, op. czt., 1964.

u'zﬂuallear Radiation Guide. MRL-TUR-62-61, Aerospace Medical Division, 1962.
14?!. Ssengsr. Metabolic Changea in Humans Following Total Pody Irradiation,
DASA 1422, University of Cincinnati College of Hcdicine. Cincinnatdi, 1963.
15 T. Kennedy, J. Bali, and B. Hoot. E&pcdtent Pield Portifications for Use
Agatnet Nuclear‘Wbapona (U), AEWES Technical Report N-74-7, Army Engineer
Waterways Experiment Station, Vicksburg, #issiseippi, September 1974,
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_approximately ién dﬁya. Therefore, men would be capablé of fighting ef-
fectively'for'a ;qnsidefable period of time folloving the d;cline of the
hazard>£ovrelativélf'sgfe levels. The protection offered by a buttoned-
up armored vehiclé,}céupled‘with its ability to move out of a radiétion
field, should offer occupants not in the immediate vicinity of the ex-
plosion a réaebnable opportunity to avoid lethal or totally incapaci-

tating dosages.

Efforts to Minimize Effects of Stress From Radiation
145

" Smith and Cox felt that the use of orientation training is the
most feasible'approach to avoiding the problem. It 1s.ftequent1y'possible
ty training to change a fear of the unknown to a healthy respect for the
known. It 18 important that orientation procedures be complete and effec-
tive, otherwise, the process may result in an underestimation of the
seriousness of radiation, with.attendant carelessness, and failure to
adhere to safety standards.

For those persons who berform a standard job in an industrial radi-
ation environmment, fgaliscic training and aafety practices should be
provided.

Snith and Cox concluded that:

Because of the denands of military operations, personnel
may be exposed to higher levels of radiation thaen the
nationally established rates. In view of the: ‘findings
of the survey of nuclear industries, it is likely that

a limited .increase in the amount of radiation received
may be made without increasing the stress problem to

one of a major degree. The consensus - is that by pro-
viding realistic orientation about the situation, and

training people for emn!gencies, stress and anxiety
may be reduced.

1433, smith, Jr., end J. Cox, Jr., op. cit., 1957.
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Summary and Implications

One of the most effective ways of reducing the effects of stress
from tRkreat of exposure to tadiltion'is to conduct irdividual and unit
training in auclear protective messures, tactics, and techniques. The
armor’ crewman's chances for survival from a nuclear attack will be improved
greatly in an armored vehicle. Army forces operating in a nuclear en-
vironment must expect expﬁsure of personnel tolradiatioﬁ. Operations may
dictate such exposure as a normnl‘hazard of battle. Tanks provide excel-
lent ptoteétion from the iﬁitial effects of blast, and both thermal and
ionizing radiation. The tank{a armor will proQide excellent shielding
against resiqual radiation. Additionally, the mobility of the tanklwill
reduce the cipoau:e time when leaving or crossing a contaminated area.

Following a nuclear attack, the greatest potenti#l danger will be
from fallout from the nuclear cloud‘and exposure to radiologically‘con-
taminated terrain. The tank can be fought buttoned-up, providing
protection to the crew and cogtamination‘of the crew compartment will re-
sult only when crewmen open the hatches to pgrfbtm the decontamination
procedures. ‘ . | .

Special training will be_gffeqciv; ip reducing casualties from a
nucleat‘a:tack.‘ Training will be specially applicable to the psychologi-
cnllotreqs,resulting f;on threat of exposure to rgdiation. This stress:
can best be overcome by an understahding ofithe principles involved and
by well-developed procedures for dealing Qith the radiation hazard .

Th; primary effects of radirtion, or the threat thereof, can prob-
ablx be divided iﬂto twé‘categofies. first of.all. there are the purely

payéhological effects that will occur from the realization of the
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potential hazards. Secondly, there are the effects that may occur as the
result of melasures taken for protection against radiation effects. I;l-
dividual Nuclear, Biological, and Chemical (NBC) protective.gear does
reatrict both physical movement and perception. No research has been
located which examines the effects of wearing NBC gear on perf;rmance

in a puttoned-up tank. The psychological effects of eiposure or threat
of ‘exposure to radiation hazards sare virtually impossible to assess ex-
perimentally. However, research on the performance effects teédlting

from the use of NBC protective measures can and should be done.

Habitability (Personal Factors)

In one sensé, all of the factors which are presumed to affect per-
formaﬁce during buttoned-up operations can be considered to be habitability ‘
factors. Johnaonla6 considered habitqbility to be comprised of the foilaw-
ing nine principal elements: ‘

1. Environment: The composistion, temperngure and movement of
the respirable atmoephere, and the maintenance of adequate and comfortable

acoustical and illumination levels.

i '
2. Architegture: The geometric arrangement of quarters, work
areas, companionways, stowage facilities, and equipment location and

'mounting provisions.

3. Mobillity: "The proviaioﬁs made for lifting, moving equip-
ment, and relieving feelings of restraint.

ia Diet Sufficiency: The provision of'adequate supplies
of palatable food and liquid, including arrangements for stcwage.
proparltion. serv 3. and eating.

_ 5. Clot ing and Personal Acoutrements: The provision of ade- .
quate and clean clothing, and personal articles.

6. Pergonal Higieno' The availability of facilities for main-
taining personal leanlinnas nnd gronming.

l“(:. Johnson. Rabitability of'Munnéd Spacecraft, paper presented at joint
meeting of Amerfican Astronautical Society and Operational Research
Society, Denver|, Colorado, June '17-20, 1969. .
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7. Housekeeping: The provisions for cleaning, debris control,
refuse disposal, laundering, and reprovisioning.

8. Communications: At least within the circumscribed physi-
cal environment. ’ :

‘9., Leisure Time Activities: The provision of equipment, a
suitable psychological environment, and space to pursue chosen leisure
time activities. '

While Johnson's analysis is cowfehemive uid provides a good over-

. view of the elements of habitability, he did not specifically mention

either the need for privacy or the need for social interaction. Both of

the.io nay become critical where total habitable space is marginal and

shared by other individuals. Parker and Evcfylw d1d consider both of

these factors. Thay quote Prasct,ll'a

vho felt that privacy needs were
important, and that some personal space must be provided. Sleep areas,

for example, were ctited as arecas tequizihs noiae privacy. Parke. and

Ivery have also noted that mealtimes became a major source of both recre- '

ation and a time for social activity for aquanauts. Apparently, meal-
times were both pleasant and convenient times for social activity, and
were utilized to fulfill this.need.

" Parker and Every also discuss Fraser's conéept of the term habi-

" tability. Fraser states that habitability refers to the équiiibrimn

state resulting from the interactions among the coupoﬁénts of a man-

machine/environment complex which perniti men to maiutain physiological

- 1675, Parker, Jr., and M. BEvery. Habtitability Isesucs in Long—Dw'dtion

ndersea and Space Missions, Bio-Technology, Inc., prepared for the
Engineering Psychology Programs, Office of Naval Research, Arlington,
Virginia, July 1972. .

Missiong, NASA Report CR-1084, Lovelace Foundation, Albuquerque, New
Mexico, June 1964. ‘ :

70

T. Fraser. The Intangibles of Habitability During Long-Duratian' Space

S o




homeostasis, adequate performance, and acceptable social rqluttons. It
can be seen that the term_habltabllity, as defined in fhe llterqtnrc;’fs
quite broad. However, for purposes of this réport, it will be restricted
to factors concerned with the spatial, personal, and social enviroqment '
of a habit;t. This does not mean that the ocher'factors are not con~ .
sidered important, as is obvicus by the fact that separate sections of
this review have been devoted to them. Rather, the'tétm habitability
seems to be & convenient label under which to discuss those factors which
do not have 'a direct and obvious physiological effect on the human beihg.
namely, those elements Johnson referred to under the realms of architec-

tecture, personal and social needs, and housekeeping.

Architectural Considerations

It 13, in fact, impossible to completely separate architectural and
housekeeping considerations. And,'of course, the satisfaction of many
peraonal neads 1is dependent upon-£he physiéal arrangements available.
However, che basic architecture of a hnbitat is certﬁinly the liniting
factor in the arrangements that can be made for héuéekeeping and satis-
fying other needs. ‘

As requifeme;tu for greater armor protection, lgréer weapon?y, and
more sophisticated acquisition.systanl,couuupications. and fire-control
equipment have been placed on the di‘ighara of veaﬁons{ayatem., the in-
ternal or living space of anks has deétensed. The-t;hks of the'fﬁture
are exﬁected to have even less space. Sinéé no raacifch on coﬁtihudul
operatibns in complctély buttoned-up Vlhiclea'haa $een conﬁucted, it 1s

not possible to ﬁrovide even avvall-cducat§¢ guess on how well crewmen

'
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can adapt to long periods,at.cloge quarters in the limited space con-
figuration of a tnnk.. However, the best indications available point teo

a posaible problem. An.opi_nion poll taken during a habitability study by
Celentuno and Ambrelli“g showed that next to acmoaphetic conditions,
living space requifeménts Qere considered to be the amost important factor
in habitability. There have been a number of studies on spéce'require-
ments, but none of them directly ap'plicable to the Army tank. .Celenténlo
and Amorelli conclﬁe@' that an area of about 90 square feet and 700 cubic
feet per occupant wguld be éptim for extended space voyages. However,
tank crewmen will not occupy their vehicles for Iauch extended periods.
Hammes ad Oebome]fso found that people could adjust adequatelg to living
in asvlittle as 10' square feet/person for up to two weeks in a féllout
ghelter. However, they had no functioms to perfotm during their occu-
pancy. Beevis and McCannlSl suggeated a minimum of 90 cubic feet for a .
three-day stay in a'§§h1c1e.. This study is prohably the most relevant
for consideration °f, tank habitability as it was concerned with occupancy
of a vehicle. However, again, the occupants were mot intenced to perform
any functions other than housekeeping and maintaining personal hygiene, as
" the vehicle was on.h intended to serve as a hnbiﬁlt \'vh'en Crewmen were

stranded dup to dxtrm urctic.weathct conditions. ' o _

“9.!. Celentano and D. Amorelli. Crew Status in Various Space Canfzgum-

ttons and Volwmes, North Annrican Avintion. Inc., Downey, California,
June 1963. .

130;, Hammes and R. Osborne. Sheltes Occupancy Studies at the University
of Georgia, 19682-1963, Civil Defense Research Psychological Labora-
tories, Mmiversity of Georgia, Athens, December 1963.

151p, Beavie and C. McCann. Human Engineering Aspecte of a Small Self-

‘Contained Mobile System, DCIEM Technical Memo 875, Defence and Civil
Institute of Environmental Medicine, Defence Research Board, July 1972.
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The literature on confinement is’, of course, relevant to this as-
pect of habitability. However, because confinement is known to he a
potent factor in and of itself, aepa;ate sections of this r-::rt are de-
voted to confinement and its effects.

In summary, the limited space available, and its arrangement, in our
current and anticipgted armored vehicles, may he a aign£ficant source of
psychological problems i{f personnel :rc'for;gd to operate for extended
petioas in the buttoned-up mode. Howew>r, research into this area is

surely needed, as little direétly relevant information is available.

Hanmes and Osborne

Personal and Social Requirements

Personal requirements may be divided into two categories. Ome cate-
gory deals with hygienic réquirements. the other with the less tangible
needs for pfivacy and territory. Hygienic requireﬁents have typically

been given short shrift wvhere space and/or weight restrictions were s?vere.

For example, during the Mercury Space Program, there were not provisions

for defecation and, fortunately, none were needed.152 The crewmen were
only in space for one day with the longest flight time being 22 hours.

Crewmen in the Gemini program were furnished with rollon cuff/tipe'urine

- collector and a plastic defecation bag. Dry and prempisteﬁédlﬁiiiiﬁwere

used. In thé Apollé program there was no improvement in the,personal
hygiene facilities. In our quéred vehicles no facilities are provided
for handling urine or fecal matter within the vehicle.

Personal cleanliness has becone an important need in our society. -

153‘have suggested that one.quart of water per day per

1525 parker, Jr., and M. Every, op. oft., July 1972.

153;  Hanmes and R. Osborne, op. cit., December 1963.
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inhabitant of a fallout shelter for use in "sponge baths" and brushiﬁg
tecth would provide an enormous psychological 1ift to occupation,.
JohnaénlSA agrees, stating that facilities need not be exotic, and that

an old-fashioned washcloth is generally satisfactory and can be used

over and.over. No provision for washing éhe body is provided in our cur-
rent armored vehicles. |

Requifements for privacy have not been considered in the design of
our armored vehicles. No space for stowing personal articles is provided
within the thicle. No provision for privacy for defecating or urinating
has been made. No "tefritorial rights" for any pﬁrpose have been set
forth in official doctrine. Thislis undoubtedly becguse our current
tanks were not désigned for occupancy for move than a féw ﬁours at a time.
FHowever, 1f we expect crews to remain buttoned up for extended periaods,
these factors must be considered.

Social,’or person-to-person interaction factors, might be expected
to take on increased importance if tank creés must remain in théir ve-
hicles for extended pefiods. However, Eberhatdlss reviewed a number qf
studies dealing with activities during long periods of confinement, and
found soli;a:y.activitiee tn'gengrally.predominate.A While talking was
. eng#géd 1n,4reading, watching movies and television were also very popu~
lar. Fberhard also found that men in confinement took alhpst'twice as
long to eat as unconfined men. It ‘may be that ﬁuéﬁlof thg social inter-

changc ' ok place at the tabls, as was also indicated by Parker and Evety.156

154¢ " Johnson, op. cit., 1969.

ISSJ, Eberhard. MOL Minimm Crew Volwne Requirements, unpublished report
prepared for Dovglas Aircraft Corporation, March 1966.

_ 156& Parker, Jr..'gnd M. Every, op. cit,, December 1963;
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ﬁelmreich,157 in his studies of men in undersea habitats, also found
that solitary activities were popular. Playing cards was e frequently
observed leisure time activity, but cardplaying is often more of an
intellectual and competitive aetivity than a social activity.

.1t may be that persons confined in small spaces and forced to work
with the same small group .of individuals day after day have little desire
for purely eoeial intefchange with the same individuals, and prefer soli-
tary activities. Whether this will be true of tank crewﬁen on long

missions can only be determined through future research.

Housekeeping Requirements

The Defence Research Establishment undertook the development of a
small mobile aratic shelter. The Defence and Civil Institute of Environ-
mental Medicine was asked to provide aasistance in the design and
development of the shelter to ensure adherence to human engineering cri-
teria. This effort was reported by Beevis and HcCann 158 The state that:

There is evidence that the physical and sensory re-
strictions during confinement for several days can
"have adverse psychological effects for personnel.
Most of the work involved in trying to determine the
minimum acceptable shelter volume for man for such
conditions has been those studies which were con-
cerned with space capsules and submarines, in which
the crew cannot leave undar any circumstances.
Beevis and McCann recommended that a minimum of some 90 cubic. feet be pro-

vided per man for up to three days confinement, although this cannot be

" considered an absolute limit. A "Snotruk," which was a tracked vehicle,

157p, Helmreich. 'Evaluation of Enviromments: Behavioral Observations in '
an Undersea Habitat, Social Psychology Laboratory, Department of
" Psychology, University of Texas, Austin, August 1971,

158, Beevis and C. McCann, op. cit., 3u1y 1972.
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was modified to support, the activities of two men on patrol for up to
five days in the arctic region. The roof height of 50 inches was a
compromise between the reéuirements for changiAg clothing and getting in-
to and out of a aleeping bag, and the head clearaﬁce required for sitting
when'uaing the watét closet and moving about insjide the cab. Extra in-
sulation was requireé on the interior walls as the interior wall tempera-
ture was calculated to drop as low as 5°F in some ;onditions.,

These workers tecognized‘the need for some privacy even Qith this
minimum space. For example, they provided for a curtain to be hung in
front of the water closet.

Garbage accumulation was seen as a prﬁblem, and these investigators
suggésted that plastic bags with drawstrings be provided to bag each day's

accumulation. Storage space for these bags must also be provided. Waste

dispbeal was to be handled by a recirculating-type toilet, with'a built-in

holding tank which could be used for periocds up to several weeks. Heating

requirements were calculated as' 4000 British Thermal Units (BTUs) per hour
td maintain a shelter temperatﬁre of 35°F during the time thé‘éngine was
not runniné. The figure of 4000 BTUs was based on an assuméd exterior
temperature of -35°F, and a wind speed of 40 Miles Per Hour (MPH)

An air flow of five CFM per man was considered as the minimum at all

,:1mea, with up to 35 CFM. of air flow at a rate of 100 feet per minute,

-which is the upper comforc level for air movenent. These guthors con-

cluded that the efficiency,of the heating and ventilation systems must

be assessed under realistic conditions as no reliable prediction can be

h-de on the basis of prior calculations, particularly in the case.of venti-

lation.
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In addition, these writers gave 'detailed attention to requirements
for such things as utersils and other kitchen accoutrements. However,
Such luxuries are out of the question for armored vehicles, at least in

the foreseeable future.

Summary and Implications

Recént increased interest in habitability of confining environments
stems lafgely from an {ncreased“interes; in maintaining man for lohg
periods in space or undersea habitats. The term habitability has taken
;n a broed meaning in the literatﬁte, but for purposes of this report, it
is limited to those spatial,'personal, social, and housekeeping factors

that do not have a direct and ptimarily psychological effects on man;

In general, it has been found that man can survive in a very limited

arount of space. However, he needs at least some privacy, and feel;
 atrongly about personal cleanlineés and.other hygienic factors. He has
- some social needs during confinement, bgt'tendé to satisfy these at meal-
times, generally preferring solitary activities for leisure.

| The habitability of tanks for long periods, especially buttonea up,

does not seem to have even been given consideration by the US. Space

for atowage of personal 1items, means for eliminating waste, or storage and

means of dispensing food and liquid is almost to#ally lacking{ In brief,
how habitable a tank might be for periods of more than a day has never:

been examined, but inﬂiéations-arb that problems might become severe.




Human Engineering

Crew Compartment

The Army'a requiremont that future fanka be able to penetrate nuclear
battlefields and survive has changed tank design. The tank must be able
to operate effeciively with its hotches clooed for varying periods of
time. The crew‘must be able io work during such periods in a closgd com-
partwent isolated from the outside environment. Many of the factors which

contribute to less than optimum performance duting buttoned-up -operations

- can be eliminated or the effeot lessened by the application of sound

human engineering principles.. A survey conducted by the Army Medical

Research Labofotory159 collected information on the problems encountered
by tank crews which might be alleviated by human engineering research.
A total of 894 individuals atténding the Armof School at Fort Knox,
Kentucky, were questioned. Using the critioql incident techrique, of 894
1ncidents‘reported, 623 (69.7 percent) were oonoerned with problems of -
interest for human' engineering for each job were: (1) tank commander,
problemsvof commmnication' (2) guoner. problems. of space allotment; (3)
loader, problems ‘dealing with hia ‘position; and (4) driver, problems arising

" from interference wlth ‘his Field of Vision (FOV). However, these roaults
may octually underestimate the number of problems which exist. The re-
search staff observed that "to ask a man who hns uaed equipment fot a long
time to state its shortcouings may be fruitless, since frequently he has
udjuated tc its shortconinss and’ no longet recognizeu them as such.. Thus,
some importan; problens might well go unenphaaizod in this type of critical

incidence survey."

- 159A Survey’qf Tank Crew PrcbZeMa., Report No. 39, Psycholegy Department,
US Army Medical Research Laboratory, Fort Knox, Kentucky, August 1952.
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Horley, et gl.,léo recommended that apecific srudies ir the buttoned-

up mode should address themselves, ‘nr example, to the Jdetectlon of air-
craft, typical ambugsh-site situations, the potential degradation in
overall tactical -obility,.and possible loa§ of vehicle orientation due
to limitations on viaibi;ity. This disorientation was also observed in
s study conducted by HQ HASSTER. Interv’ s with tank commanders indi-
cated a loss of orientetion, eapec;aily wvhen slewing &t maximum rates.
Schroetter161 pointed out that the correct seating posture increases
the accuracy of work and reduces fatigue. Any rig'd and étraine& posture
will cause poor performance. In deaigning a tank driver;s seat, not only
the width and depth of the seat must be considered, but alsq the adjusta-
bfltéy of tha se;t and 1its position in relation to the operating unit.
This reat should, moreover, provide protection sgainst mechanical vibra-
tions. This protection can be sccomplished by suitable tuning of the
se=at suspension and damping. Adaptation éf the static depression of seat
springs to accommodate different weights of drivers will aisd be neces-
sary. Very little space will be required to accommodate the full range
of human size variability likely to bde encountered.
Dintancebtd the driving pedals ;hould remain invariant, regardless

of seat adjustment. Also, the direction of application of force on the

pedals should not differ too greatly as a result of the sen?~vir1nb111ty.

1605, Horley, A. Eckles, and R. Dax. Target Detection: A Comparison of
Several Vision Systems Mowunted in Stationary.and Moving Tanks (U)
Technical Memorandum 7-67, US Armv Human Engineering leorutorieo.
Aberdeen Proving Cround. Marylar', March 1967.

161".,Schroetter. "Ergonomics and Ite Importance to the Development of
. Fighting Vehicles,” Tripperpra:is, 1972, 1, 28-32 (Library Translation
for Royal Adircxrceft Eotablishment, B, Croslland and L. Croton, trans-
lation editors). ,
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The optim,al direction for application of force on the pedals is 70

. degrees.162 The pedals must be designed to ensure a reliable co;trol

with the foot; thgy should not be too close together, and ehould not. be
too high. Both of these latter factors can leﬁd to conditions under which
errors occur.

2 human factors evaluation of the M60Al tauk by Dickinson and
Brownl63 found rhqg the ;ddition of a fore and aft adjustment on the com~
mander's seat would allow sufficient leg space between his seat and the
guﬁner'a backrest. With a 95 percentile commander seated, laék of an ad~
juatmeﬁt capability will interfere with the tank commander's leg movement.
" They also found that the escape hatch will accommodate a 95 percentile man,
without arctic clothing. Arctic clothing will increase torso dimensions
Eo spproximately four inches wider than the hatch ;pening. It is assumed
that some problems of the same nature would'occu: with the wearing of CBR
protective clothing. |

The human eye‘require; approxinltély tyo sécoﬁdl to adapi from far
to near vision. This accounodation‘time may présent a source of dénger
and, to counter it, some vehicles have ?een design;d Qith the most impor-
., tant driving instruments and warning lights located on the saﬁé plane'on
a steering column bracket. This arrangement is designed in suéh a fashion
that when the driver's seat 19 rai;edvot lowered, ﬁhe instrument panel will

move to remain in the same plane.

162134

163y, pickinson and G. Brown. . Human Factore Evaluation of the Main

~ Battle Tank, 108mm Gion, ME6OE1, Technical Memorandum 14-62, US Army

Human ‘Engineering Laboratories, Aberdeen Proving Ground, Maryland,
June 1962.° ' - :
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164G, Horley, A. Eckles, and R. Dax, op. oit., March 1967.

Target Acquisition Devices

Modern tank weapons liave become so accurate and lethal that  who see;i'_
who first often determines who survives on the battlefield. When perform-
ing aurveiilance with binoculars from an open hatch, no one tank has gny:»
rarticular advantagé. But when conditions require that all tanks b;tfon

p» differences in optical or remote viewing systems may well de;ermineAthe'
outcome of the battle.- |

Horley, gg_gl.,16“ conducted two,t&tget detection studies in wﬁiﬁh.
they compa;ed target detection performance with seve:al viewing systems
agginst target detection performance from the open hatch. ObserverEZHere
placed in statioﬁary tanks and were asked to detect defending (stationary)’
and attacking (moving) targets. Differences in percentage detections be-

iween the closed-hatch (Greenhouse) and open hatch modes were approxi-

mately 15-18 percent, with the closed-hatch mode faring more poorly.'

Uifferences between the gunner's periscope énd the open-hatch modg were
approximately 10-12 percent, with.the gunnef's petisgope being the poorer
system. 'A v detect?gnlsyatem performed most poorly. ThevGreenhouég,wag
a wooden mockup with five unity-power visiom blocks placed side-by-a;deﬁ
to foym an unihtcfrupced-érea ofbviaion to Ehe'frpnt ;nd sides.

In their second r-.udy, Horley, et al., comparég the pérformance.of

fiye viewing systews from both a stationary-nnd a moving tank. They found

that dqfendi*g (étationary) targets, before they'began firing, were harder

to detect than attacking (moving) targets for all systems, except for the

gunner's periscope. They evaluate: the following systems: (1) gunner's
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periscope, (2) open-hatch with binoculars, (3) closed-hatch (Greenhouse)
with binoculars, (4) telescope, and (5) Imuge-Orthicon TQ. The periscopo
‘was superior to other systems in detecting both §tationary and moving tar-
g;ta in most cases.

The condition which produced the poorest detection performance was
when both the observer and the target tanks were moving. This could be
due to the high probability of interruption of the line-of-sight by ter-
rain features when both were moving. fhey concluded that TV for surveil-
lance on the move shoyld be considered. On rough terrain where the tank
18 moving, guhners nmay have difficulty maintaining eye alignment with
optical system eyepieces. A TV presentation which can be viewed from a
slightldistlnce might offer an advantage.

Results of these two studies furthef indicatéd that wider FOVs are
important for quick response to open targets that are moving. ponversely,
these results show that magnification is important fo; detecting con-
cealed targets and that stabilization is reqﬁired for surveillance on the
‘move. An ideal surveillance system would be a combination system inte-
griting twe Qnita -=- one low power unit for wider FOV, and a second '
incorporating high magnifieation with stabilization —— arranged so that
;he tank commander coﬁld'ahift from one to the othe:-vitﬁout loaigg his

vorientncion to the terrain.

Stabilized Gunnery

A study by Linley and Wernef165 1nveqfighted h:abilizedvgunnery on

the move, using two veapon systcms, & 25m and a 20mm rapid fire cannon.

1651, Linley and A. Werner. Report on General Performance of Tested XM701
Darret Weapon Stabilisation Syeteme, Technical Report No. 11584,
Pacific Car and Foundry Company, Renton, Washington, Harch';972.
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They concluded fhat an average gunner could maintain his aim at a four-
mii diameter target at‘least‘43 percent of the time at cross-country
sbeeds up to and including 20 MPH. 'An unmanned syétem could maintain its
_aim 1ﬁ a four-mil diameter zone 100 percent of the'time at cross-country
speeds up to and including 20 MPH. Most of the observed errors were due
to gunner attempts to correct for tfanslation and illusionary errors.
They reporfed that the average Army gunner has a 60 percent minimﬁm and
a 93 percent maximum probabili;y of hitcring a target eight qils in diameter
at 20 MPH. The addition of a stabilization system results in a signifi-
cant '{mprovement in hit capability. To be able to fully utiiize the
stabilization system, the gunner mué; be given comprehensive training,
incluiing exﬁerience in firing from a moving vehicle. A gunner's sight
specifically designed for use with the stabilization system is needed to
eliminaté target image vibration and blackout, raducé gunner-fatigue,'
ote. 'Restraint_and seating arrangements are generaily fatiguing to the
gunner in a stabilized moving vehicle. Gumners become fatigued b§ the‘
' testraint and seating arrangements in a stabilized moving vehicle due to
the physical effort required to maintain their body and head positions
while firing on the move. High speed turrets in the stabilized mode will
requit;‘cloae ;Ltentioﬁ téisafety.procedurea‘because of increased centri-

fugal force and continuous motion.

Summary and- Implications

ANd’étudieq were uncovered which attempted to specify or define the
human factors requirements neceacary for the design of future tanks to

enhance operations in a closed-hatch mode for extended periodé of time.
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Separate studies dealing with CBR equipment compatibility, clothing, and
surveillance were found, but reports of syst:matic endeavors concerning
human factors coasiderations iﬁ buttoned-up operatiéds were lacking.
When a t;nk crew closes the hatches, visual'capabilitiés become | .
degraded. The current effectiveness of our tanks depénds upon.adéquate
sﬁrveillapce and target detection capabilities. ‘Therefore, it is desir-
able for the crew to maintain the saﬁe'performance levels with the
hatéhes closed or open. Through proper consideration for the human
factors aspects, coupled with techﬁological advances, thig may be possible.
IA redesigniﬂg tanks and associated individual eduipment to maximize
performance during buttoned-up Opefations, iF is important to define the
conditions under which these operations are'likely to occur. For éexample,
~thg likeiihood of actually fighting in a CBR environment must be con-
sidered. The more likely this or any other given set of conditions are
to be gncountered, the gregterlis the need for our equipment to be
designed to operate in those conditions.
The crew should be considered a part of the system and the design
should ensure the smooth incorporation of their aﬁiLities.into-the over~
" all scheme of syétem operation. Shoe;ﬁorniﬁg the armor créwman in aftef
all other things have been sef in conc:éte-does hotbresult in aﬁ optimally

effective system.

'WORK/REST CYCLES
Adv%nces in military tecﬁnology have given man the capability to
engég; in long-duration missions. The rapid development in recent yéars
A of night_vision equipmgpt has énabled continuouézbattlefield operationé,.

provided combat and combat—suppo?t'personnel are able to meet thé‘increased




demands. Tn order to attain optimum performance, the se1crt10; of optirum
wgrk/rost schedules for personnel engaged in long-duration missions is
obviouély d'es{rabie. 'Ideall_\'.. these schedules would tend ‘to maximizel

duty time while minimizing decrements 1q perférmance. In addition,fsgch
schedules should allow organization of personnel into shifts (or watches)

and should avoid harmful physiological or psychological reactions.

Atypical Work/Rest Cycles
66

Allutsi, et al.,’®® has pointed out that in the military individuals
will often be called upén to perform.unde: rather rigorous atypical work/
rest conditions.’ These‘may'be situations which will demand 24 hour-day
operaticns on a high alert basis. These situations will occur in combat
and will sétve to dramatically. change working couditions. Sustained of
continuous operations will vary the ncrmal routine for armor crews; In
these situations, armor crews may have to perform with less rest and sleeé

than 1s usual. It 1s'qlso likely that the crews may not have had the

chance to become previously adjusted to these work/rest cycles or have had

previous training {n them.

In an atypical doh-Z& hdur-cyclicalyschedule of activity, individuai"
physiological rhythms will show some but not complete adaptation. Indi-

viduals differ widely in their ability. and the speed with which maximum

‘adaptaiion occurs. Alluisi} et al., indicated that within broad limits

performance did not vary siéuificantly as a function of the work/rest cycle,

" provided the work/rest and aleep/yﬂséfulness ratios were held constant and

-

166p Alluisi, W. Chiles, and R. Smith. Human Performance in Military
Syatems: Some Situational Factors Influencing Individual Performance,
Interim Technical Report 64~1, Performance Research Lab, Department of
Psychology, University of Louisville, Louisvilie, Kentucky, August 1964.
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the period of observation did not exceed one week. Little data are
available to allow valid generalization to longer periods of timg. Man
is apprarently capable of maintaining high-level pe;fo;mance on various
tasks while living according to rather rigorous atypical work/rest

scheduling, at least for short periods.

OPTIMUM WORK/REST CYCLES

67 found that subjects who worked 12

Alluisi, Chiles, and'ﬂalll
hours a déy on a 4/4 work-rest schedule were able to maintain their
performance at a higher level than sﬁbjects who worked 16 hours a day on
a 4/2 scﬁedule. Generally, the perforﬁance of subjects on tasks which
required sustained attention declined while maintaining a 4/2 schedule,
even though the periods of sustained attention were relatively short.
They concluded that where given levels of performance are a criﬁical
Tequirement during.emergency periods, the 4/2 schedule should be used
only with extreme caution, pecaﬁse this schedule typically places a
performance stress on the individual from the.start.

Adams and Chilesl68

measured the performance of’60vsubjects over a
period of 96 hours as a fﬁnction of four differeﬂt duty/rest cycles

(2/2; 4/6, 6[6, and 8/8). It was evidentvf;om the results tﬁat subjects
could work'ai their assigned £asks ang maintain their efficiency workiné

12 honurs a day for periods up to as long as 96 hours. In particulzr, the

4/2 schedule can be followed and acceptable performance levels of selecued

1675, Alluisi, W. Chiles, and T. Hall. Combined Effects of Sleep Loss and
Demanding Work/Rest Schedules of Crew Performance, Report No. AMRL-TDR-
64-63, Aerogpace Medical Research Labs, Aerospace Medical Division, Air
Force Systems Command, Wright-Patterson AFB, Ohio, June 1964, .

168O. Adams and W. Chiles, Human Performance as A Function of the Work/

Rest Cycle, WADD Technical Report No. 60-248, Wright-Patteison AFB,

Ohio, 1960. | g (47 |




and motivated subjects wil; be maintained for at least two weaks to e
month. Performance was generally better on the 4/4 achedule 8nd could
be maintained for 30 days. The authors ‘concluded that the 4/4 schedule
could probably be foliowed for-60 to 90 days during actual missions with-
out decrements in perfo;mance. Subjects on duty performed six tasks
(arithmetic computation;, auditory vigilance, warning light monitoring,
target identification, probability monitori_ng,l69 and code lock-solving17°).
Alluisi and Cpilesl71 concludedvthat a person following a 4/2 schedule
uses up his performance reserve and so is les; likely and able to meet the
demands of emergency situations.

In a series of four studies, Morgan, gglgl..l72 investigated the
effect of ;dntinuoua work on human ;erformancef 'The results of these
studies were quite consistent. Perfornance efficiency in all of the:.

studies began to deteriorate after about J4 to 18 hours of continuous work,

rcgching its lowest pcint after 22 to 24 hours, Performance then improved

‘169Probab111ty.monitoring was a watchkeeping task that required the sub-
ject to integrate a random process (meter fluctuations) over time in
order to detect a relatively infrequent shift in' the mean value of the
process., o : ' »

170Code lock-solving was.a group-performance crew task that requifed the

" subjects to discover the correct sequence in which onie of five buttons

(one operated by each of the five subjects in a given crew) has to be

pushed to illuminate a green light. Subjects were required to do this

~ as quickly as posaible without neglectiug their other duties.

1712. Alluisi and W. Chiles. '"Sustained Performance, Rest Scheduling, and

Diurnal Rhythma in Man," Acta Psychologiea, 1967, 27, 436-442.

1728, Morgan, Jr., G. Coates, B. Brown, and E. Alluisl. Effects of Con-
tinucus Work and Sleep Loss or. the Kecovery of Sustained Performance,
. Technical Report No. 14-73, (S Atny Human Engineering Laboratories,
Aberdeen Proving Grovnd, Maryland, 1973.
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to about the thirtieth or thirty-second hour, then decreased slightly
thereafter. Both the pattern and Jegree of fecoﬁcry vere rclated to the
length' of the continuous work period, as v_lell u io the; amount of rest
and recovery ptovided. Recovery of pérfoz;nﬁnce was 1nc6mp1ete in all
cases, but four hours of rest following‘ 36‘ hours of continuous work pro-

duced a significant degree of recovery.

Effects on Performance
173

Brown, et al., indicated that circedian rhythms are a primary
determiner of man's ability to work cbt:\_tihuously for extended periods of

time and to tecover.froui_the effects of hoth .continuous work and sleep

loss. Morgan, et 51.,174 found that after 36 hours of continuous work

nfxd sleep loss, recovery was less con_:ple'te for crews whose wbtk cycle began
during the low portion of their circadian rhythm (i.e., work cycle start-
ing at 0400 hours in the morning).

75 in a review of the literature of work/rest cycles,

_ Adams and Chiles,!
found that the degree of per‘formncei décrelllent during exterxded hours of
wakefulness is a function of the .lengtli:‘ of chie,' performance éesting period
and the type of task in§olved. In geng.:al. 1f theltuh are simple and

if the perforiuance period 1s of a short durationm, th‘e_re are no observable

pronounced decrements. These authors suggest that four hours 1is the

1733, Brown, B. Morgan, Jr., J. Repko, and G. Coates. Interaction of the -
Circadian Rhythm With the Effects of 36 Hours of Contirmuous Work and
Sleep Loss, Organizations and Systems Research Laboratory, (Technicel
Research Note, in preparation). : : _ o

174g, Morgan, Jr., B. Brown, G. Coates, and J. Repho. Effects of thg
Circadian Rhythm on Sustcined Performanoce During 38 Howrs of Continuous
Work and Sleep Loss, Organizations and Systems Recearch Laboratory
(Technical Research Note, in preparatiom). :

1735, Adams and W. Chiies. “Human Pcrformahce and the Work/Rest deedgle.," B

Human Faotors in Technology, Bennett, Deagen, and Spiegel, 1963.
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max?’oum duty period when the following conditions ere present: a passive

task cohbined with one or more active tasks, low work loads, and con- -
tinuously maintained high levels of performance. When only a paaeive
isolated task occurs, a’two-hour durstion is probably the maximum ad=
visable. 1f there 1is active barticipation with the major.tesks, consid;
erable variety in the tasks, and if the signals to which the operator
must respond are easily detectable, the duty period can be extended rou;
tinely to eight or ten hours. |

Some of the major conclusions that Chiles and Adamsl76 drew were:
o

1. Performance of critical tasks by individuals who must 1.

“mnin awake for 24 hours are not feasible as a routine procedure.

.2, 8Six hours of sleep are adequate for most individuats. -
3. ‘Sleep periods shculd not be less than two hours in durationm.

4. Continuous performance of monotonous tasks by then-elves-
should not exceed two hours.

[}

5. Total work/rest cycle duratiors should be four, six, eight,

or 12 hours in order to permit regullt day-to—day schedules.

6. Seven or eight days of pretesting should be adequate to

:aelect personnel edaptable te achedule changes.

7. A five-day preadaptation period ehould be used to overcotr.
initial sleep losses.

Ray, Martin, and A11u191177 have reviewed only those studies in wvhich

per formance was extended for 24 hours or longer and in which the results

wefe pertinent to optimizing performance through the qcheduliuk of work/

175“. Chiles and 0. Adams. Huma» P-vformanca and the Work-Rest Schedule,
USAF ASD Technical Note. No. 67 ‘70. Aeronautical Syacens Division.
Wright-Patterson AFB, Ohio, 15:

177

 the Work-Rest Cycle: A Review of Seleocted Studies, Publication No. -
. 882, National Academy of Science, National Reaeerch Council,
Washington, D.C., 1961.
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.rest periods. The studies reviewed generally indicated that man's per-

formance and his phyaiologicgl processeas exhibit vafiatidns that are due

»/j ' to man's adaptation to a 24-hour day. These physiological rhythm; show
some but not compléte adaptation to a non-24 hour cycle. These authors
concluddéd that performance does not appear to vary significantly as a
function of the work/rest éycle, provided that the work/resg and sleep
ratios are held consfant and thé'period of obSetvafion dbés not exceed

- ‘one week. An exception to this statement is the decrement observed in

the performance of certain vigilance tusks. These passive tasks seem to

/// be more semsitive to the effects of atypical work/rest schedules than

§'  more active tasks.

178

Ramsey, Halcomb, and Mortagy have investigated the effects of

pelf-determined work/rest schedules on performance. They found that sub-
jects who chose "lorg" sessions to optimize their performance scored

"significantly poorer than those who, chose "shorter" sessions.

!

Alluisi, Chiles, and #a1117° found that subjects on a 4/2 schedule

performed poorer as a result of going without sleep for 44 hours. This

difference was significant for those tas requi}ing close concentration
(arithmetic and probability monitoring) even fhough concentratioﬁ was

austaiﬁed.fbr oniy seconds. Subjecfs who [followed a éld'schedule re-
covgred.théir pre-sleep performance levels within 12 houfs following tﬁe

pefiod of sleep loss. Subjects on the 4/2 schedule took 14 hours to recover.

178, Ramsey, C. Halcomb, and A. Mortagy.

in the Heat," in D. Hodge (ed.),6 Milit

Contirnuous Operations, Prooceedings of

, University, Lubbock, Texas, 28-29 Sept

) , 12-72, US Army Human Engineering Labor
: Maryland,’ April 1972,

"Self Determined Work/Rest Cycles
Requirements for Research on
Conference Held at Texas Tech.

er 1971, Technical Memorandum
tories, Aberdeen Proving Ground,

179%, Allutet, W. Chiles, and T. Hall, op.| cit., June 1964,
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Adams, et gl.,lso reported thét severul studles by Wilkinson ahd
Strettonl8l have demonstrated that peffoimanée is léss efficient within
the first 10 minutes of wakening. Any decrenent present upon wakening
tends to disappear within 10 minutes of wakening.

Lauer and Suhrla2 have found that individuals who drove six hours
with a rest period everyv30 minufea received cohsis;ently h%gher driving
scores than drivers who drove six hours withouf rest. Further, drivers
who had rested were also able to respond quickér to an attention light.

Langdon and Hartman183

have studied the effgcta of sleep intecrup-
tion on performance. Performance was i;dsured:before sleep and withiw two
‘minutes of being afoused. Five airmen 6ere awakened three times during

Lt} eir normal sleep périod.' This sCudy was conducted over a five-day
period and subjects were tested on the Couplex Behavior Simulator. It

was found that performance was 25 petcen; worse after being awakengd than

it was at pre-sleep levels. However, performance did 1mprdve during the

ten-minute test period.

Hartman and Cantrclllsa cqnfined.subjecté for 12 days and followed a

4/2, 4/4, or 16/6 schedule. On days 8, 9,'§nd 10, subjects were deprived

l'8(’1\. Adamg, H. Huddieatbn, B. Robson, and R. Wilson. Some Effects of
Sleep Loes on a Simulated Flying Task, Technical Report 72168, Royal
Aircraft Establishment, October 1971.

,181R. Wilkinson and M. Stretton. "Performance After Avakening at Different
Times of Night," Psychonomic Science, 1971, -23,"Part 4, 283-285.

182,  Lauer and V. Suhr. "The Effect of a Rest Pause on Driving Effi- » j
clency,"” Perceptual and Motor S'.clls, 1959, 9, 363-371. S

183p, Langdon and B. Hartman. Performance Upon Sudden Awhkening, USAFSAM
Report 62-17, School of Aerospace Medicine, Brocks AFB, Texas, 1961.

1843 Hartman and G. Caﬁfrell. MOL: amﬁ'fhi#bmmunce on Demanding Work/
Reat Schedules Compounded by Sleep Depiivation, Technical Report 67-99,
School of Aviation Hedicine. Brooks AFB, Texas, November 1967. .
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of sleep while performing psychomotor taska continucusly during a 68-

72 hour period. The tasks performed were: vigilance, arithmetic
computation, trgcking, shorf—térm memory, conplex coorxrdination, and
iultiplc reaction time. There were no differences in performance as a
function of work/rest cycle, as long as schedules were the only experi-
nentnl'mipulatiou. Prog.reuiwlre decremeuts were observed under all
schedules vhen compared with sleep deprivation. In general, the 16/8
schedule resulted in better performance and more rapid and substantial
recovery from the effects of sleep deprivation. |

Colquhoun, Blake, 'and Edwurdelss investigqted the efficiency with

vhich mental t;sks wvere performed by individuale standing watches of eight
hours duration over a period of 12 consecutive days. Three work watches
were used: (1) 0800-1600 hours; (2) 2200-0630 hours; and (3) 0400-1200
hours. They found ;hat performance efficienﬁy varied consiqérably during
all three watches. The changes appeared to be related to concurrent
fluctuations in body temperature arising from diurnal physiologicqll
rhythms. The best performance wes i& the first four hours of tye day
-watch, i: took six nighth on the night watch for the nqrmal rhythﬁ of
quy teﬁp;rature to adapt io the new sleep-waking cycle. buring this six
day period, ﬁerformance fell each night yith the drop in ﬁody temperatufe.
In the second six nigﬁts; the fall in bédy temperature w#g considerably
reduced.ﬁy partial physiological adaptafion and the performance decteuéﬁt

was effectively abolished.

185y, Colquhoun, M. Blake, and R. Edwards. Experiments on Eight-Hour
. Standing Watchees in a Three-Watch System, Report No. RNP-69-1123,
OBS~478, Royal Naval Personnel Research Committee, London, England,
July 1968, ' .
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Morgan and M]uisim6 presented 3 paper in 1971 to the Conference on
Continuous Operations {n which they described thelir work en work/rest
:'cycles. They felt that underlying man's activities there {s a biological
- or psychophysiological circadian rhythm which 1s'conditioned at least to
some extent by those activities. They found that performance may show the
same sort of rhythm, with a lag of about two hours or g0 behind the cir-
cadian rhytﬁm, dependirg an othe: factors. As work/rest echedules are
varied from the norm, the points of peak activation (and performance) seemed
to slip about two hours every five days or so. The change in thie cycling
suggests that biological or phyeialogical adaptation to atypical work/rest
schedules will take at least 20 days, ard perhaps as long as 25 to 30 daye
an,the average. One of the simplest means to adapt a person to a new
schedule is to have the person stap awake sufficiently long to assure
that the normal diutrnal cycle is broken, znd that a new cycle begins when
sleep is permitted. | |

In normal situations, if motivated. man is able to exert extra ef-
fort to overcome the effects of circadian rhythm on performance. While
performance‘may or may not follow the diurnal cycle during normal work
periods, i¢ 1s likely to do so during perioda of continuous operationa.
During extended operations, man'se performance not only interacts with the
underlying circadian rhychm, but also with the total demands of his work

activity and with the prior expenditure of his performance reserves.

1863 Morgan and E. Alluisi. Applicability of Research on Sustained
: Performance, Endurance, and Work-Rest Scheduling to the Development bf
Concepts and Doctrine of Continuous Operations,” in D. Hodge (ed.),
Military Requirements for Research on Continuous Operations, Proceedinge
of a Conference Held at Texas Teoh Univereity, Lubbcck, Texas, 28-29
September 1971, Technical Memorandum 12-72, US Army Human Engineering
Laboratories, Aberdeen Proving Ground, Maryland, April 1972.

93




Summary and Implications

Apparently, man is capable of hnintaining high-level performance on
various tasks while living according to rather rigorous atypical work/rest
‘ scheduling -- at least for short periods of time. There is an abundance
of recommendations Qn management of work/rest cycles; whether or not they
can be fo}ldwed during armor.ground combat has yet to be evaluated.
Vehicle design may have to be modified if crews are to operate continu-
ously for extended periods of time with provisions to aliow rest during
periods of reduced activity. Each crew member must be able to rotate Qith
every otherlcrew membér, making job interchapgeability mandatory. Crew
stations may have to be redesigned 80 mulfiple tasks csn be performed by
an abbreviated crew. Rest stations or areas will have to be provided |
for.

Previous résearch in this area has dealt primarily with the type of
tasks that would be performed dufiﬁg space missions. Research dealing
with tasks typical of armor ground combat has not been initiated. ‘The .
level of performance to be expected immediately after being suddeniy
awakened ié largely unknéwn. The ﬁse of catnaps is an'escential area for
future research in work/rest cycling.

Within btogdliimitgg it appears ‘that pérformance does not seem to
vary significantly as a function Qf the work/rest cyéle provideé the w;rk v . '
'and rest ratios are held‘cbnstant and the period of oBsgtvation does not
exceed one week.

Within armor dpctrine very littie is said about providing relief among .
créﬁ membérs during periods where crew member activities'até diaprppot-

tionate. In field studies, the tendency has been for the tank commander
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to spend more time on duty than any other member of the crew. Evidentiy.

.they feel they are respoﬂsible for their crew's performance or are afraid

to delegate their authority. It may be necessary in field testing to
allocate mandatory work cycles in order to force job in:erchéngeability

training.

Enhancement of Perfomanée by 'Drugs
-Gngvbf the major probiems in cdnducging miiitary operations over

extended:periods of t;me is.to maintair sufficient resources so that units
1ia actpal combat can be relieved before they begin to suffer from the ef-
fects of fatigue, sleep ioss. or othqr factore. In a mid-intensity or
high-intensity Qat; it may not be boaaible to relieve units on a regular
'asis. Thus, many units may have to perform close to their upper limits,
at least for short periods of';ime. Undét these circumstances, it may be
poésible to ;Ileviate the effects of sleep loﬁs and'fatigue by fhe di1i-
genf use of drugs. It is possible that the use of drugs can reduce the
amount of time required by an individual to recuperate from total ex-

hauatioﬂ.. Also, it wiy be thht'drngs can substitute for sleep.  In

: particulak; the use of drugs_may allow an individual to: (a) expend great-

or amounts of energy over varying periods of time, (b) operate at a more
efficient level, (c) delay the effects of fatigue, and (d) cause indi-

viduals to be more alert during the pérformance of monotonous or solitary

" tashks.

Dﬁring WWTI it was observed that the Germaus used amphetamines to im-.
prove performance in their troops. The gene:alteffect of drugs such as

aome anphetaminés, benzedrine, methedrine, aﬁd caffeine have been found
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to enhance the performance of fatigued.individual's, but thefr e{fective-
ness seems to lessen with continued use. if e:.:hau'sti"on is already
present, the administration of these drugs can be"li_ke,n'ed tg flogging a
dead horse. o |

Continuous or sustained operations, \.r‘heihgf Bu-ﬁtoned up or not,
will require greater physical and mental effort than has been encountexed
{n the past. If i{ndividuals or units nunt peff‘otn at high levels without .
relief, the usé of drugs in an en;ergency p‘j.ﬁﬁa'tlon could make the differ-
ence between the success of fallure of a vital mission.

With the increased esphasis on the f'euibiiity of conducting military
operations for extended. periods of time, t;xe respl.tl of drug reseaféh to

enhance performance takes on a renewed importance.

Military Field Studies

A number of studies have been undertaken to determine the effective-
ness of amphetimine-type drugs in enhancing performance in military tasks.

Platnikoff, et 5_]_...187 report that the most extensive series of studies

. using military subjects was conducted by Seashore and Ivy'.lea They at-

- tempted to sinulate as closely as p&uibl"e sctual milftary \Qorking

conditions. Four different drug treatments were administered ‘to fatigued
subjects.. It was found that the‘drugs were gengrallf superior to pinéeboa
in their effects in alleviating subjective syupto- of fatigue and en<

hancing 'por’iormle. of psychomotor tests. The effects were more prout‘neaé

187!. Platnikoff, et al. Drug Enhmomnt of Perfomance, SRI P:oject No.

8U-3024, Stanford Research Institute, Scptenbct 1960.

1“1. Seashore md A. Ivy. "Effects of Analeptic Drugs in Relieving
Patigue," Peychological Monographs, 1933, 67(15), 1-16.
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on subjective symptoms. In a military exercise laating 56 hours (which’
included fatiguing day and night murchog) DL—un\phetnmn;o had little ef-
fect on eitger rifle marksmanship or ohstacle course time. In another
experiment, subjects were officers attending a waryitaff course. These
individuals were involved in a 72-hour program staff exercise in which
they were not allowed' to sleep during the first 42 hours. It was found
that DL-amphetamine did not prevent sleep, improve performance, or impair
judgment. .

Somervil1el89 conducted a study with troopa'who were kept active frem
17 to 56 hours. Their activities 1qc1uded marching, obstacle course running,
trenching, and an attack exercise. The parfo;mance of the group receiwing
auphetamines was not superior to that of a control group reéeivtng pla-
cebos. As part of the abovébstuqy, Somerville (like Seashore and Ivy)
inveuéigated the effects of amphetamines on judgn-nt of military officers
nerforming staff dqty exercises over a period of 721houru. The officers
vere giveg no break initially for 42 hours, but then received a six-hour and
‘four~-hour break during the remainder of the ;xercile. Klso, officers who
were given 40 milligrams (mgs) of benzedrine did not show gignificlnt differ-

ences in judgment from those in a control group receiving placebbc. Deterio-

ration of performance was not lessened by the dtug and little evidence wvas

" seen of the drug producing any adverse effects upon judgment.

190

Cuthbertson and Knox found thnt 15 mga of methedrine did not pro-

“duce any significant differences 1u‘the mood and'subjective feelings of

189w Somerville{ "The Effect of Benzedrine on Mental or Physical Fatigue
- 4n Soldiers," Canadion MbdzcaZrAaeoctattan Journal, 19&6 55 470~
" 476. .

190p, Cuthbertson and J. Knox. "The Effecto of Analeptics on the Fntigued

Subject," Journal of . Phyazolagy, 1947, 106, 42-58.
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193

subjects during an 18-mile march after 24 hours without sleep than a
similar group which was given placebos.

191 reported British studies with stimulants carried out during

Davis
WWII. These studies found that the subject who had taken amphetamines

usually judged the effects more favorably than the experimenter.

Effects on Athletic Performance and Reaction Time
192

Smith and Beecher made a thorough study of t@e effects of druga'on
athleti; performance. Their studies show that amphetamines can ﬁtoduce
significant enhancement of athletic performance, even in track and field
events (like shotputting) in which endurance or fatigue should not play a

major role.

Hollingworth193 reported the effects of caffeine on reaction tiune.

.Smail amounts of caffeine produced a decrease in rsaction time within two

hours. According to Hollingworth, the initini effect of caffeine was a
"briskness" leading to false reactions, and a retardatiom in reaction time
followed, possibly because the subject vaa‘beconing weary. .Seashore and

Ivylga found a signiftcant decrease 1n discrimin tion reaction time after

fntigued subjects received 10 mgs of DL-amphetamine -ulfate or 5.0 mgs

of methamphetamine hydrochloride. Tyler 195 reported that after 60 houra

1915 pavis. "Psychouo?or Effects of Anaiépticl and Their Relation to :
Fatigue Phenomena in Air Crews," Britiah Medipal Bulletin, 1947, 5 43-45.

192, Smith and H. Beecher. "Amphetnﬁino Sulfate and Athl-tic Pctfor:nnce.
I. Objective Effects,” Journal of Amertoan Mediocal Aaaoctatton, 1959,
170 542.

1. Hollingworth. "The Influence of Caffeinc
ciency," Archives of Psychology 1912, 3(22),

n Mental and Motor Effi-
-660

196&. Seashore and A, Ivy, op. otit., 1953._ 3

195D{ Tyler. "The Effect of Amphetamine Sulfat

the Fatigue Produced by Pro onged Wakefulnes
PhyOzology, 1947, 150, 253-5

end Some Barbitustes om
, American Journal of
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of sleep loss, the losa 1n reaction time was counteracted by smphetamines.

In the same study, caffeine {mpaired the ability to wmaintailn arm steadi-

ness, while amphetamines improved performance.

E¢fects on Coordination

The effects of drugs on‘trackiﬁg tasks have been extensively sﬁpdied.
These tasks require the gubject to follow a moving target or compensate
for movément. Payne,'Hauty, and Moore196 found that a control gtéup
(plaéebo) performed significantly poorer during a fouf-hour tracking éer—
formance than did a group given dexedrine. The perfofmauce of the drug
group Qas dose—reléted, with improvements associated with doses ranging
fror 1.24 to 12.5 mgs. The higher dose sho@ed greater improvements.

197 studieﬂ a four~hour tracking perfdtmance

Hauty, Payne, and Bauer
in a low—oxfgen atmosphere. These workers found that five mgs of a-
amphetamine allowed their subjects to maintain their proficiency over
the duration of the eiperiment. In addition, the drug provided complete
compensation for the prédictgd degrading effects of hypoxia. The pro-

ficiency of the control group which was given a placebo dropped.

Effects on Monitoring Performance

As sutomated detection ,nd surveillance systems are developed, the

_operator's role is reduced to ihat‘of evaluating and responding to the.

' output of the devicea.‘ These types of tasks are extreulyvboting anrl

196R. Payne, Gb Hauty, and E. Moora. "Restoration of Tracking Proficiency

as & Function of Amount and Deldy of Analeptic Hcdication," Journal of
Comparative Physiology ana Fsychology, 1957, 30. ,

197¢, Hauty, R. Payne. and R.'Bauor. "Effects of Normal Air and Dexgro-
azphetanines Upon Work Decrements Induced by Oxygen Impovertiditment and
Fatigue,”" Joumal of Pharmoology and Experimental Therapy 1957, 19
385-389.
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. ported by ?latnikoff, et al., Payne and Moore

experimentation was undertaken to see if drugs Qould mave individuals
pe;form*ng under these conditions more vigilant or more alert. As re-
198 | ested three groups of
subjects for 30 continuous hours. A.ll three groups performed at the same
fairly steady‘ ratsa on the first day. No decii'ne in proficiency was ob-
served for the first 15 hours. After 15 continuous hours, performence

fell steeply, {mproved later, byt fluctuated. The group given pla-

cebos on the second morning never attained the prcficiency level of the

firet day. The group given the D-mhetaniné on the second day demonstrated

improved performsnce which approximated the highest inltiui level of the
first day. 'Tﬁis-iﬂp;ovement'waa noted about one hour after administre-
tion of the drug. No evidence of lexdown in the groups receiving ampheta-
mines was detectcble. | |
&ofnetlky. 35.31.;129 suggested thatl fasﬁa vhich are monotonous and
require continuous ltfention suffer more as a con;equence of lack'bf sleep

than performances which do not require continuous attention.

Effects on Mood and Subjective Feeling

.Nathmaoﬁzoo found that subjects, who had begn administered ampheta-

mines, tcported_an increase in energy and & desire and capacity for work.

1985 " ‘ ‘ B
Payne and E. Moore., 'The Effects of Some Analeptic and Depressant
-Drugs Upon Tracking Behavior," Jowurnal of thoology and Experi-

mental Therczpy, 1955, 115, 480-484.
199C Kornetsky, A. Hirsky, E. Kessler, and J. Dorff. ''The Effects of
Detxtro~amphetamine on Behavioral Deficits Produced by Sleep lLose in

Humans," Jowrnal o,r Pharmacolosy and Experimental ”"heﬂapy, 1959,
127, 46-50.

20°H Nathanson. "Central Action of Betu—hinopropylbénzene (Benzedrine)

Clinical Observation," Jowrnal of American Medical Associatiom, 1937,
180, 528-531. :
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Barmackzo1 found that amphetaminés did not kliminate boredom and fattigue,
but did diminish théir effects conaiderably. In a study by Bahnsen;
Jacobsen, and Thesleff,202 using‘amphetamiﬁes, it was found that, besides
the lessening of the ef{ects of'fntigué. there was a ccnsiderable increass
in wanting to work along with the feglinga ;hét amphetamines ﬁmde the

task easier to perform. |

203 conducted a éeries of studies on performance of large groups

Tyler

of men who were forced to remain awake for &s much as 112 hours. In one

experiment lasting 72 hours, it was found that ampheéaminea administered

every 8-12 hours, starting either at the thirty-sixth or‘férty-éighth
hour of being awake, made it easier to stay éqake. Daviszoa found that
+mphetamines increased feelings of alertness in subjects kept awake all
night. The subjects reported mild giétion and did not suffer from the
tensions usually experienced by subjgcts during the stﬁdy. They reported

fewer feelings cf doubt, anxiety, ana discomfort. Alwallzos

found that
soldiers experiencing three nights of exertion with little sleep in the

daytime reported that their outlook had improved after taking benzedrine

2°1J Barmack. '"The Effect of Benzedrine Sulfate (Benzyl Methyl Carbina-
mire) Upon the Report of Boredom and Other Factors," Jowmal of
Psychology, 1938, 5, 125-133. ‘

202? Bahnsen, E. Jacobsen, and H. Thesleff. '"The Subje:tive Effect of"

Beta-phenyliaoprorylaninaulfate on Normal Adults." Aecta Med. Scan.,

1933, 97, 89-131.

203y, 1yler, op. cit., 1947.°

204y pavis, op. cit., 1947.
2°5N. Alwall. "Frequency and vuration of the Suhjectiﬁe”and Secoﬂdafy.

Effects of Benzedrine and Pervitin on Intensealy Fatigued Persons,”
Aota Med. Scan., 1943, 114, 6~32 (Psychological Abstracts, 20:90).
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or pervitin on the morning of the third day. They alsc reported that they

felt less fatigued.

Length of Time That .Drugs Are Effective

Hauty and Payne206 indicated that 5.0 més of dexedrine was effectiQe
in eliminating the effects of fatigue for over a seven-hour period.
Cuthbertson and Knosz7 indicated that the flrst aJministration of ben-
zedrine was effective in alerting suyjecta for 12 to 16 hours, while a
second duse was effective for énly five to eighg hours. Payne, Hauty,

208 auggglted,‘however, that a given dose of dexedrine has 5

and Moore
"congtancy of effect that 18 independent of work decrement level." In

other worQa. a givep dose of dexedrire should always improve performance

by a specified,annunt. no matter how tired the subject. ‘

Most of the imvestigstions‘an drug effects reported im this secticn suf-
fer from the difficalty that the'iia- sequence for the particular dryg
effect is usually unknown, i.e., vhen the drug effect s naxi.al and
what the slope of the cur%e relating time since administration and.drqg
effecct might be. Tt is also unknown whether there are individual diffare
erences 19 these respects, and‘ whether differeuces in dosage produce

differences in the slopes of these curves.

Guneral Conclusions

fiatnikoff. gg‘gl.,zog summarized the literature on the effects of

drugs on perforunhce. wund concluded that the evidéncé 1nd1catéd‘that

209y, Platnikoff, et al.

2066 Hauty and R. Payne. '"Mpthods for Mitigation of Work Decreuent "
Jowrnal of Eruer1mental Paycho?ogy. 1955, 49, 50-67.

/207p, Cuthbertson and J. Knox, op. oit., 1947,

‘2083. Fayne, G. Hauty, and E. Moore, op. ott., 1957.

» op. cit., September 1960.
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, ings‘of boredom, irritation and inattention. Kornetsky, et al.,

‘sl.ep loss. Newman

213

.-performance can be enﬁanced by drugs. But they also indicated that a

Qide range of behavior (from shotputting to.monitoring a clock face) is

affected in this way. BarmackZIO-found that the greateat Aiffersnce be~

tween ahphe;aminea and piacebos was on adding numerals, which ocewrrad

" toward the end of the work period. Tne control subjects reported feel-

211 £ i

that D-amphetamines improved parformance only in subjects suffering from

212 also found that prolonged sleep lods was neces-

sary befora an improvement could be shown on complex psychomotor perfor-

213 results showed no enhanéement. only a restoration

mance. Mackworth's
gy amphetamines to normal performance on avvigilance task. However, drugs
uere able fo forestall the decline in pioficiency with time.

There are strong 1ndicatiohs'that amphe;amines can produce effecgs
in excess of a mefe restoration of normal Ieveis of performance degraded
oy Vurioﬁs factora. The cost invc. ved to obtain the enhancement may be
excessive, both from the standpoint of physiolngical and psychological
factors. However, except for ;eporta of {insomnia, the subjeétive effects

of hotmal dose amphetsmines is genetlllykfavorable.ZIA

2107 Barmack, op. cit., 1938.

211c‘ Fornetsky, op. cit., 1959.

2174, Newman. "Effect of Amphetamine Sulfafe on Performance of Normal
and Fatigued Subjects," Journal of Pharmacology and Ezperimental
' Therapy, 1947, 89, 106-110.

ﬁ. Mackwor th. Researoches én the Measurements of‘ﬁuman Perfbrwnncé;
ER Stationery Office, London, Eagland, 1950.

2145, platnikoff, et al., op. ctt., September 1960.
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Suremary and Implicztions

If usiag drugs to enhance performance is to bde considered by mili-
tary planners, then the conditions under which drugs would be used muat
be defined, Literature defining the enemy Threat indicates that nuclear

warfare is likely. 1In addition, they have the capability to use chemi-

cal and biological warfare. Th£ future battlefield is envisioned as an

inftially high-intensiry confliqt..onc atteasing large armor foruations
moving rapidly in a flutd ground-gailning environment. Continuous 24-hour
combat lasting for days seems to be indicctcd: Crews may get little or no
rest. Relief of ctevglor units may not be possible. 1f warfare is to be
éonducted under the above conditions, the use of druge to enhance.perfot-
mance may decome the oﬁly aiternative. At the present time no other
approsch shows as much pfosiac in alleviating the effects pf fatigue axd
sleep loss. . ‘

How long drugs can alleviate tﬁc effects of'futisug and sleep loss -
is not definitive. Their effectiveness also seems tu lessen with con-

tinued use, The use of drugs during the inftial stages of future conflicts

nay seem reasonable, but sconer or later the effects of such combat will

teke 1its toli; At the:prgsent time ve cen expect -that tank crews can
operate with 1ittle degredation for periods up to 48 hours. How much longer
they can be sxpected to perform, with or without drﬁg-. 1s not well defined.

Wa still need to know the costs involved in drug usage before we can

ascertain the practicality of using them.
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Toxic Environment (Chemical/Biological)

Chemical warfare, in the form of widespread use of a vartetv of gases,
was inatituted.during WWI. However, since th;t time, chemical warfare has
not been used in a major engageuent. Biologica; and radiological weapons
are more recent addltions'to the arsen;ls of the world. Over the int;r-
vening years, a lsrge amount of research has been devoted to the physical
effects engendered by iheae agenta. This experimentation has been gen;
erally festricted td laboratory-type studies, with only & small percentage
involving operational situations in the field. The training undertaken by

the Army applies especially to the psychological hazards of the threﬁt of

rxposure to these agents. In particular, this training stresses that this -

hazard can best be overcome by an understanding of the principles involved
and by the develcpment of procedures to be fgl}owod in the event of ex-
posure. |

Combat personnel are provided with ind{vidual protecéion ag;inst cﬁeur
ical agents when ope;ating under threat of an enemy chemical attack.

Different types of chemical protective clothing are available for wear in

aitf efent weather conditions, as well as for special-purpoge environments.

Both permeable (clothing that allows the passage of air and moisture
thrpugh the fabric) and iﬁpermeable.prptective suits are cuirenily in the
inventory. If an‘eneyy'chgmical atthck.iﬁ‘aqticipatéd, combat troopa

1ly will be ibsued'Sbandard-A permeable éhemicai protective clothing.
overgaxﬁent ig intended to be wotn directly oier the dutp uniforms
‘..in high temperatures, it may be worn directly ovef underwvear.

overgarment is not designed to be decontaminated and reimpregnated

_for| reuse. It is discarded withih six hours after being contéminatgd
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with 1iquid chemical agents or when it becomes worn or ripped to the ex-
tent that it cannot be repaired.
Tank crewmen are equipped with a protective mask which is coupled to

the tank gae—perticulate filter unit which forces air to the facepiece,

thus enhancing the wearer's comfort in hot weather. When the mask is worn

outside the tank, the 1ndividual inhales air through the protective mask
ceniater. An anti-fogging kit' is a component of the mask. For protection»
against a biological egent attack.lthere 1is also a protective mask with an
attached protertive hoOd. This mask and head arrangement jives complete
protection against aerosol—type biological egents.

Because of potential enemy chemical attack cepebilities. 1t is prob-
able that a massive amount cf chemical agent will be deliveted on our unite

in an extremelf short period of time during such an attack. To counter

'this. US pereonnel who are under the threat of an enemy chemical attack

must wear their protective clothing and masks at all times —- unless their
duties, the weather, or personael needs prevent it. In these instances,.
they will temove'only *hat amount of protect;ve clothing and equipment

for the time tequired to perform these duties, etc. The amount and degree

~ of protection in a given situation is usually'deternined by the unit com-

.mander. Generally, personnel must adapt to wearing protective clothiog

and eouipment for ertended periods becaose of the effort and time.requited
to put them on. ' | |

Due to the-vetioua military sitoations.‘unit'missiona, duty require-
ments, and basic human needs, it 15 almost impossible to permit personnel

to remain totally protected against chemical agents at all times. Further..

'individuele operatingattﬂsh~work rates wvhile weering chemical protective
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élothing may experience heat exhnustioq (dizzineso ¢nd faintneas) at any -
time, especially during periods gf high témperatur; nnd.huiidlty. Also,
individuals wearing proiective gear will tend to expetience.fatigue
resulting from such factors as difficulty in breathing while wearing a
‘mask, increase of body temperature from work enefgy and éélar heat, and
psychological and physiological stress. Fatigue will 1néreaae the needAfor
sleep and rest iﬁ order to maintain 1n&1vidual lleftness aﬁd efficiency.
Finally, individuals caﬁnot be 1n full protecti&e ééar for indefinite
' peri&ds and_still attend to certain personal needq such as eatins. receiving
medication, caring for wounds, ahaviﬁg.'and elimination of body waate.
Therefore, if'will be necessary to ptévide chénicii collective pfotection
shelters for personnel to permit them to rest and take care of their per-
sonal needs.

in order to counter the possible effects of CBR warfare employed by
;he enemy, the milit;ry has adopted whet 18 called the Misaion-Orientgd
Prote;tive Posture (MOPP). This allows':he command?r'options and com-
prorises to assure the accomplishment of the unit misqion.with‘ninimun
risk of casualties.. This posture teduifes-personnel to wedr individual.
chemiéal protectivg clothing and.eéuipm£n£ conaistenf with the chc-ical‘ _
threat, work rate imposed by the;t mission, temperature, and humiddty with- '
out unacceptablyldegrad;ng their efficiency from the effects of heat strgsj; ,

psychological stress, etc.
215

_Hodge, in his presentation to the Conference on Continuous Opera-
tions in 1971, commented dn the need for long-~term exposure critarii to

'acnoépheric pollutants such as gunea. vapors, etc.

213y, Hodge, op. oit., April 1972,
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MTL-STD 14724216 provides typical design guidance. It states:

Personnel shall not be exposed to toxic substances in
excess of the threshold limit values contained in the

Amer ican Conference of Governmant Industrisl Hyglenists -~
Threshold Limit Values....

A threshold 1imit value definition was adopted by the American Conference

on Government Industrial Hygienists (ACGIH) and reads as follow§.217

Threshold limit values refer to airborne concen-
‘trations of substances and represent conditions under
which it is believed that nearly all workers may be
repeatedly exposed day after day without adverse
effect....

Threshold limit values refer to time-weighted
concentrations for a 7 or 8-hour workday and a
40~hour workweek. They should be used as guides in
the control of health hazards and should not be used
as fine lines between safe &nd' dangerous concen-
trations....

...They are not intended for use...in estimating
the toxic potential of continuous unintcrtupted
exposures....
To evaluate continuous operations in this area, Hodge recommended the
following:

a. long-term exposure criteria for five days,

b. estimates of the effects of eight-hour limit exposure lévels
experienced for periods longer than e;ght hours, .

cv 'aq Army document which treats the problem of long-felm
exposure. : .

Hodge concluded his remarks with the recommendation that an Army agency

specializing in toxicity problems, such as the-US“A;uy Environmental Health

Agency, should be requested to develop the needed recormendations and

216M111tary Standard 1472A, op. cit., May 1970.
217 threghold Limit V&Zuée of dirborme Céntaminanta and Intended Chaigea.

American Conference of Governmental Industrinl Hyglenists (ACGIN),
Cincinnnti Ohio, 1970.
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define any new research which may be required for long-term cxposure to

toxic fumes and vapors.

gEffects Upon Perf’ormnce Using Breathing Apparatus

218 studied cﬂe effect of three different types of masks on

Comte
human performance in an induatrial” setting. Over all mask conditions,
it was found that the perspiration accumulation caused éonsiderable dis-

comfort to the wearer. Also, for all mask conditions, excessive rises in

the physiological cost of work were found to accrue. The stressvihdicated'

"by the physiological changes was found to be largely due to desi.: faults

in the breathing abparacus of the various masks. In particular. some of
the major problems experienced were: (1) ex#stence of large dead spaces

in the facial part of the masks; (2) excessive resistance to breathing;

and (3) 1nab111ty'of the masks to supply an adequate air supply. Comte

recommended that when using a mask, 30-minute work periods, which are
associated with loads of 230 to 390 kilograms per minute, should be fol-

lowed by a 30-35 minute rest period.

Burgess, et 312‘9 have found that men can subjectively scale differ-.

ences in actual breathing resistance while using the M17 chemical"protective

mask. Further differences in work rate alone were found to produce dis-

tinguiahable differehcea in the eensation of breathing “fesistance.

; : ,
21 T. Comte. Aeaeasment of Organism Efficiency, While Wbrkzng in Breathzng

Apparatus, Library Translation No. 1699, Royal Aircraft Establishment,

(translated from Polish by R. Wrlski), May 1973. ,
219%. Burgess, H. Wolper, H. Stuudt, and R. Woodcock. Studies on Perfor-
mance Factors in Protective Mask Design, EACR 1310-22, Department of
the Army, Headquarters, Edgewood Arsenal, Aberdeen Proving Ground,
Maryland, December 1972.
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IMontague, Baldwin, and iicCLlulfezzo measured the effects of wearing the
CBR protective mask while performing selected types of military activities.
Measurements were taken after wearing the mk for one hour, and again
after ﬁhe mask was worn for five consecutive hou'rc. Subjects performed
under hot ddylight lconditiona with short unmasked breaks every two hours.
It was concluded that the average loss in performance attributed to mask-
ing was less than 10 percent. The tasks studied‘we.re: (1) vigilance while
driving; (2) radio communications; (3) unaided target detection (no.sp- .
tics); (4) aided targets detection (optics); (5) weapon firing; (6) cross-.
country running; and (7) verbal comunications.‘ The authors reported that
in' a subsequent chemical corps experineﬁt in cooler weathet; it was found
that men could wear the mask for at least 68 hours with no particular
difficulty, if given sh‘or’t breaks every two hours.

Researchers in a Combat Developments Command Experimentation Center

221 found that nilitary subjects experienced difficulty in

(CDCEC) study
seeing, breathing and maintaining their sense of balance while wearing a
protect*vé mask. To mininilze the visual and breathing difficulties, tlhe
subjects so‘on begaﬁ to pace themselves slower. The visuil and balance

difficulties were pres@bly due to the reduced FOV afforded by the wask.

This reduced field made it impossitle for an individual to see the ground

- at his feet wi'thout‘ Inqlining his head. In addition, voice communications

220, Montague, R. Baldwin, and A. McClure. The Effects of Wearing the
CBR Protective Mask Upon the Performance of Selected Individual Combat
Skills, Technical Report 57, Human Resources Research Organization. ‘
Alexandria, Virginia, June 1959.

221poad Battalion Operations in a To:rio Enviromment: Volume I of III.
Operational Capability Experiment, CDCEC 63-4, HQ, Department of the
Army, Combat Developuments Comnd Expetinentltion Center, Fort Ord,
California, December 1963. ’
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while d1ismounted Qere difficult to understand. It was recommended that:
(a) the M17 wmask be modified to allow for drinking; (b) the mask filter
pads be improved to increase the sweat absorption capability; and (c)
the mask be equipped with a voice emitter for providing voice communica-
.gipnl when the wearer 1is dismounted.

Eichna, sg_gi.,zzz

has also investigated the effects of three differ-
ent methods of protecting tank crews against chemical warfare agents. The

three methods were: (1) individual marks and protective clothing; (2)

:vcntiiated faceplate connected to a central ailr system; and (3) collective

protection of the entire tank under positive pressure. The ambient temp-

erature conditions under which the study was conducted was hot with DBTs

4 ranging from 88° to 103°F. Also,'the daily temperature averages during

" the study were 96.3°F DBT and 77.8°F WBT. Of the three methods, the mask

was considered the least comfortable, primarily due to the bfeathing re-

sistance. Further, while wearing the full impregnated chemical clothing,

" ‘the loadef and tank commander were incapable of performing their normal

duties, which caused the tank to be rendered inoperable. The sole objec~

tion to the positive-pressure system was heat accumulation in the turret.

" due to the poor distribution of air. It was concluded that under the

climatic ‘conditions of the study, thc combat mnsk with impregna:ed clothing

offered a simple method of protectiom, which with further improvement,

‘could result in nearly optimum protection.

Effects Upon Performance During Tact1ca1 Operations

03020223 undortook a major field study to 1nvestigate the effects’ of

wearing chemical protection gear on the’ pnrformance of a reinforced ROAD

2221, gichna, R. Walpole, W. Shelley, and J. Whittenberg, op. cit., 1944.

ZZ?Rbad Battal?oh_Operatiana‘in a Toxie Emvironment, bp. ctt., 1963
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suit.

infantry battalion in g'seriés of,74-hopr protlems.. The primary finding
in all phases of the experimént Qas Ehat the wearing of chemical protec-
tive gear was assoclated with progressive individuai and uﬁit ineffective-
ness over prolonged periods. However, it was also found that vgcting ‘
this protective gear did nét causé'aignificlnt inifial.mechanical degra-
dation of performance. The symptoms exhibited by individuals indicative
of performance degradation were: slowing of ﬁgce, losa of motivation,
dulling of mental alertnéss, increased irritability, thifst; hunger, and
fﬁce irritation caused by fhe protective mask. Depending on the outside
temperatures and the level of energy ex?endit-re. unit effectiveness was
degraded in that incréasing numbers of heat caqual:ies (wvhich were likely
to have been induced by the protective suit) occurred as a function of
time. However, before fatigue, discomfort, and the effects of dehydration
and body heat buildup appeared, well-trained personnel could perform all

tasks about as well wearing a protective suit as they could without the

Performance under two suit conditions (open and closed) was also

' compared. The 'open suit” consisted basically of two layers of impregnated

"clothing and the M17 protective mask. The "closed suit' ‘was the same

except that the outer garment collar was kept buttoned, a protective hood
wa; worn over'thg‘head, and a mask and long cottop*glbves uefé worn over
the field jackeéAcuff§1 .

Tﬁe CDCEC reaea;chefs Qiad looked at tlnk-ére§ performancé undef Tea-
iistic field cond1t1oﬁs. Dur ing :hese,exﬁtéiaéa, crews kept the tank
blower syssem in operation. However, the feu#erltur; inside the tank was

sti;l ilightly higher than the outside temperature (BOf-BS'F WBGT). Even

.
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under‘these coaditions, the tank crews were able to complete each tvo-hour
exercise without difficulty. The tank crewmen, with the exception of fho
driver, cxpended little energy under the conditions of the test. They
found thot inside suit temperatures were independgﬂt of ambient tempera-

tures in WBGT ranges above 75°F. Tank commanders reported that it was

. almost 4impossible to clear stoppages and load the caliber .50 machinegun,

. due to interference from the protective gloves, mask and hood. Tank gun-—

ners experienced difficulty in using the primary and secéndary firing
sights. To obtain a correct sight pictdre. the eye had'té be placed
closer to the sight than the mask would allow. In doing this the gunner
anplied too much pressure against the‘mask, which caused a depression

in tne seni-flexible facepiece. After firing, the gunner-would push the

mask back into its original shape with his hands. Loaders.reported prob;

_lems in removing rounds from the floor ready racks and lcading them in the

main gun. They also had trouble in checking the recoil replenisher tape
and loading and clearing the cSaxiai mnchineggn. All of the loader's
ptobleaalwere related to the wearing of the protec£1ve gloves and did not
appear to be major. It was felt that these difficultieQ could be over-
come through apecific trqiﬁing of the loader. The canister and hose of'
tﬁe collective protection lysfeu cauiéd some restriction of bodj movement,
especially for che. tank commander.

Under tactical opérating conditions, Eichna, et al;.zza found that

‘when tank drivers reached or came close to their limits of tolerance

(when vearing protective gear), their driving became more rough. In par-

ticular, there was a tendency for drivers to takefbunp. on the fly and

224, pichna, R.'Walpole, W. Sheliey, and J. Whittenberg, op. cit., 1944.
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to hit ‘trees. Under normal conditions, driving wag excellent, careful,
and well done. In firing the main gun when the tank was buttoned-up, no
differences were noted in target acquisition and firing, whether or not

coinbat masks, Qen:ilated facepieces, or no protaction equipment were worn.

Indifvidual and Unit Stay Times

In the CDCEC study,225 it was found tha; in high WBGT ranges (75-

90°F) that infantry units were able to operate effectively (at high energy

expenditure rates) for approximately 20 minutes for a two-man radar team

while wearing a closed CBR suit, and about 90 minutes in the case of a
rifle platoon conducting an attack. Time of effective funcﬁioning while
occupying a defensive pousition exceeded 20 hours. 'In'thia étudy they
found no differences resulting frcm the weating of protective gear in
terra of either overall levels of performance o? learning rates. This
applied to tactical perfofmance, information processing, accuracy of dis-
crimination reactions, learning in a complex problem-solving task, and
accuracy in communication of absttﬁct pesuﬁges; Hovever,'when measures
of quantity or rate of output were used.'albng with measures of accuracy,

there were differences associated with wearing prétective gear. It took

'-nofe time for 1nd1§1dqals 1nithewopen or closed suit condifions to achieve

accuracy than for those in the free suit condition. In moderate WBGT
ranges (30°-75°F), performance during an attack ia the open suit became
degraded after seven hours. Performance of personnel in the closed Quit

declined after only two hours. Subjective observations concerning troop

. behavior reported that leaders lost control of their units, troops became:

225p0ad Battalion Operations in a Toxic Evviromment, op. cit., 1963.
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irritable and lést interest in the fasks at hand, formations were ragged,
and there was a reduction in the number of personnel firing their weapouns.
At low energy rates, unics Qere able to remain effective for as long as

31 hrurs.

Casualties in thé defensive conditions (low energy rate) were cue,
with few exéeptions, to water debrivation, body water loss, and general
fatigue rather than to an excessive buildpp of body heat. Similar find-
ings were reported fo? the of fensive exercises.

These:researchers concluded_thgt the amount of stay time for a unit
is dependent on the ambient.tempetatufe and the rate of energy expendi-
ture. Under a high tate‘of energy expenditure and an Qutside.wBGT range
of 75'490°f, the tolerable stay time varied from 30 minuées to not more
than two hours. Under these conditions, individuals in open suits lasted
slightly longer than those in cloéed suits. Further, it was concluded
that acc/imatiazation to heat by persormel does not appear to improve the
(rdividual '8 ability to withstand heat stress when enclosed in either the

open or closed suit. Stay time during moderate WBGT (30°-75°F) varied

from 8ix to ten hours. At low energy rates in a high WBGT while pre-

'paring a defensive position, units remained effective from 20-25 hours.

In a low energy situation at moderate WBGT (30°-75°F), tolerance
times were aSout the same for botﬁ 6pen and closed suits and averaged
20-10 hours. The major factors contributing'to casualties under this con-

dition‘ﬁére'sgen to be deprivation of water, which resulted in physical

' "exhaustion from excessive body water loss and resulting physiological

damage. .
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Compatibility of Protective Wear With Task Performance .

The CDCEC study?2® found that most of the difficulties with the pro-
tective maak diminished as personnel became adapted to wearing the mask.
The difficulties experienced while wearing Ehe mask in the use »of optical
instrum.nts, such aa the tank gunsight, and the inability to -use the mil
gcale in the binoculars, could be eliminated only by the moedification of
the mask or modification of the optical instruments. The protective
gloves hindered those tasks which 'required < ffzne tactile sense or the
manipulation of small nbjects.

Dickinéon, Eckles, and Mullen227

conducted an evaluation to determine
if the fire-control Lomponents and the ptotective equipment worn by the
tank crewmen were compatible when used by the operator as a total system.
The M25A1 protective mask snd the TS6 protective helmet were used in the
eyalu‘;ion. Vehicles used were the M60Al and M60A1E2 tanks and the MS551
arwor airborne reconnaiﬁsance vehicle. The authors found that, in gen-

eral, the protective mask was incompatible with the bgow pads. It was

found that the pecipheral portions of.aome brow pads.deformed the mask

~lens. Of the three brow pads examined, there was an 1htetfacing’prob1em

between all three brow pads and the man wearing a protective mask. The
masy was deformed by ;he eyepleces of the telescope, periscope, and
tangefindér. In the M60AlE2, approximately 65 percent of the figld of

view was lost with the XM50 periagope when .the mask was worn. They also

2261324,

227N Dickinson, A. Eckles, ana W. Mullen. . Hwnan Factors Assessment of
" Equipment Interface Problems Associated With Tamk Crewman Protective
' Equipment, Technical Memorandum 20-71, US Army Human Engineering Labora-
tories, Aberdeen Proving Ground Maryland, Ogtobet 1971."
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found that viewing through the driver's periscope dié not népéar to cause
any prcblems in judging distance, width, or terrain p;ofile; 1f ignxth of
time is a significnht factor, simultaneocus donning of the prOteét;vgf

" clothing by the crew witgin the fighting compartment was ﬁot'seen.to be
effective or practical. | l _ ;

In Phase II of fhe HEL study conducted by Dickinson, gg.gl,.if was
lfound that there was little effect upon the performaﬁée of’gﬁnﬁery tagks '
when weating the ma;k ana other items of protective equ;pmént.~ The
narrower field of view whe; wearing the mask did not‘mgaéﬁrably affect
times to fi;e on clearly vigible targets.; The authors s:atedlthat there
'8 no information as io how the rarrower field of view might agfect tar-

p.ot detection, especially at close ranges.

Donning Protzctive Clothing and Equipment

Dickinson, et al., 228 ¢ound that in the MéOAl tank'the drivér ini-
tially took 25 minutes to dreqs; This was reduced co 16 minutea‘with
four prac;ige trials, 'excluding the protective hood. An additiongl four
or five minutes we1 : 2quired for the hood, provided the.hpod,vas stowed
with the ptotéctive mask and the buddy-system was used to a;sist:in ‘

,poﬁitionlng tge'hood afound the ;aék énd fastening the shoulder straps.
Total time could exceed 20 minutes under less fhbn_optimum cond;tioné.
‘nly'pr crew,members,can‘dress'a; the same time -~ one in the io;der's'
station and thé othéf in thelcommand;r's station. It is not feasiblg to
put the ptbtective hood over the éVC (tanker's) helmet. The hood is too

small and renders it d1fficult for tha crewman to operate the communica-

tions controls‘on the helmet. In the M551 and H60A1£2 vehicles; to dress,
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the driver must position himeelf in the 1oader‘s'stacion, remove certsain
rounds of ammunition, andlteposition the turret. Under clored-hateh
conditiong, -mmmition ard pfobably one ammmition rack vould have to be
removed.

The protactive mask carrier bag, when worn by the gunner on his left

side, rubs the carrier as the gun depresses and elevates. If worn on the

right side, the carrier interferes.vith opeiatién’of the computer ammuni-
t;on selection hanale. The most apﬁropriate position to wear the carrier
for the gunner appsars to be over the chest. 'Some difficﬁlty was reported
in operiting pa%n and finger switches and puahbuttoq controls with the
cotton gloves. The cotton gloves cﬁuaed no problens in operating bore-
siéhting knobs and leverz, toggle switches, and rofating switches. The
problemas associated with the cotton gloves can be gene:alized t; all

gloves.

General Comments .

vAs a result of the CDCEC study, it was falt that there is inadequate
established doctrin. with respect to tacticzal operations inva‘toxic en~-
vironment. Formulat.on of such doctrina is required. Furthér, it shoula'
consider inclusion of the f9110vin§ tqchniqueo: (a) re&uced rates of

movement; (b) use of vehicles to conduct troop movements (including air

. trannport..cvcn for shott;distancec. \ﬁenavnt<ptnctieub1e); (c) selec-

tion of coolest pexidds of the ﬁgy v aight fqt condQcting tgctical

cperations; (d) frc{uent rest and rahabilitatioﬁ 1n‘protgctive shelters

when uﬁailublp; ard (e) tgpiacament by.eleucnts rather than by individuals.
It was also discovered in the CDCEC study that age was a key factor

in endurance, and despite otherwise excellen;'bhyqical condition, péraonnel
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30 years or over fell out earlier on the average than their younger counter-

parts. It was found that if a body temperature of 105°F was maintained

for an appreciable time, 1nterference of the body's heat regulatory sys-

tem recuited, with a riak of heat stroke, which 18 often fatal. During
the atudy a limit of 103°F (rectal temperature) was established by the

Army Research Institute of Environmental Medicine. This lower limit was

adopted because even after a casualty has been stripped and measures

téken to cool him have been applied, the rectal temperature may continue

to rise as much as two degrees before it starts to drop.

§gmary and Implicatioans

Stay time within a buttoned-up tank while wearing CBR protective

- gear 1s deperdent upon many factors. Three of the most significant fac-~

tors are the outside temperature, type of actiyity being petfo;med, and
the amount of water depri§ation.

Although many of the studies reviewed concluded that pgrformance is
not affected by the wearing ;f'CBR protective gear, it is interestding to'
note many of the 1solat9d accompanying statements that occur in Q ese'

same studies which indicate that thére are serious ptoBlems due tg in-

‘compatibility of protective gear and tank equipment and to design

. limitations of the pfatectivevgear itself. Some examples to illustrate

the above statement are:

1. The wearing of chemical protective clothing and equipment
causes progressive individual and unit ineffectiveness over a prolonged

"period, but does not cause significsat initial mechnnical degradation of

performance.

2. Progressive ineffectiveness is manifested by slowing of
pace, loss of motivation, dulling of mental alertness, increased {{rri-
tability and discomfort attributable to thirst, hunger, and face
irritation caused by the protective mask.
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3. The difficulties and inabilities experienced iIn using cértain
optical instruments can be eliminated only »y the modification of the
mask or the instruments.
The above are a few comments which constantly occur when one reads thrnugh
the studies on effects of CBR gear on performance.

Thera 15 a definite need to stuﬂyvthe effects of wearing the CBR
gear for extended periods of time under high ambient temperature cgndi-

" tions, especially during buttoned-up operations.

Individuals, when operating continucusly in a contaminated chemical ' .
envifonment, will need to make some adjustments in their normal routines.
They must be able to sleep in protective clothing with the mask. They mu#f
ahavé daily, if possible, to ensufe a good seal of thelptotective mask.

The protective mask for armor crewmen does not have a drinking tube caﬁa—
bilicy. In order to drink, the crewman must lift his mask and hold his g
breath, drink, reseal the mask, and then swallow the water. The pace of
action, espec;élly during high ambient temperatures, is mucﬁ sléwer than
normal. If the work rate of an individual is moderate and the ambient

temperature is within 70°-80°F, working with an open suit, the suggested

maximum safe unit work time is 30-45 miautes. ﬂuring ambient temperatures

of 85°-100°F under the same conditions, the safe time would be 20-30-
minutes..'Cdmmgnders will bave to leafn to ;cceptlthe sio;er paces and be
able to adjust their tacéical operations on a realistic basis.

The cumulative effects of wéaring protective gear indicate avpro-‘
‘gresaive lesseﬁing of pefformance. The chemical manual (FM 21-40) has
tables thch provide general guidelines for Army commanders to follow
- governing wu;k rafes for individuals'across three broad temperature

ranges.
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The suggested maximum safe unit work time, even under work rates at
cool (50°-70°F) temperatures, is only 60 minutes. A low work rate is
charicterized by activities which include motorized movement or admini-
strative work.

There appears to be a need'for a systematic approach to study
the effects on crew and unit,perforqance while wearing protective gear
and télaccurately'measufe the amrunt of desfadation if any. The studies
which were uncovered by the litetaturé review point to the importance cf
adequate training programs so individuals can become acclimated to wearing

protective gear while pérforming all their activities, both day and night.

Sustained and Continuous Operations
It has only been in recent years fhat the concept'of cont%nuous and
sustained operations for armor has been discussed seriously. There has
alwuys been interest in long-term performance, but there is liFtle in the
LLteraturé describing present military thinking about éontinuous operations

doctrine. Rééent'scientific breakthroughs in night vision devices now

- permit ground forces to operate with near §aylight efficiency. Present
.armored vehicles were not_dgsigned or tested to see whether they could be

‘fought for extended periods. It was thought conceivable to operate for

exténded periods but vehicles were not degigned for this specific purpose.
As yehicles becbme c;pableuof oﬁeréting over wide areas, one of the fac-
fofs which actslto limit.continuoﬁs operations is man's Limitedléndurance,
To achieve the capab;liti‘co operat-~ continuously, it is necessar& to
expand our knowledge of man's pecformance capabilities and liﬁitations

under sustained and continuous operations.
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COL Joseph Marks was among rhe'firs; to attemnc tc delineate human
factors support requirements for continuouo:operetions in a paper under
that title delivered at the Army Human ?notoro Regearch and bevelopment
Conference in November 1969. 229 He eteted.

The concept of continuous operations as now being
developed does not envision a battlefield environ- .
ment at which the same level of intensity will last
indefinitely.... Significantly, however, the varying
operational cycles will be influenced by the unit's-
capability to fight effectively for longer periods

of time and not by the fluctuating environmental con-
ditions of night and day.

...'Sustained operations' and 'continuous opera-
tions' as defined in the concept are separate types
of operations. 'Sustained operations' are those smaller
unit. actions conducted by brigade, battalion, and
company for a given number of days to achieve a limited
objective. During hours of darkness, there occurs a
definite slackening of intensity and applied combat
power. In contrast, 'continuous operations' are planned
and conducted by division or higher unit, and applica-
tion of combat power will remain at about the same level
of intensity and efficiency throughout the 24-hour period
and for periods of fighting extending into weeks.

'

There is much information which is indirectly related to this area of

research, but 1t 1is unknown whether these types of operations are feasible.

230

Barber, Behavioral Sciences Diviaion. OCRD,’ Department of the Army,

' made the following comment in reply to a queetion at the Conference on
Militery Requirements for Research on Continuous Operations.
At 'this point, I want to further press. upon you the
‘argument that requirements for research related to

- continuous operations have their origins in and are
guided by the activities to be performed....

2291. Marks. '"Human Factors Suppor ¢ Requirements for Continuous Opera-
 tions," Proceedings of the 15th Annual US Army Hwman Factors Research
and Development Conference, November 1969, pp 130-135.

2303, Barber. "Remarks on Research Requirements for Continuous Operatioms,"
in D. Hodge (ed.), Military Requirements for Research on Continuous
Operations, Proceedings of a Conference Held at Texds Tech Univereity,
Lubbock, Texus, 26-29 September 1971, Techanical Hemorendum 12-72, US Army
Humen Engineering Laboratory, Aberdeen Proving Ground, Haryland April
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The question of human performance in continuous operations encom-

passes so many areas of research that its extent is difficult to define.

" Military Studies in Continuous Performance

Banks, gg{gl.,231 evaluated the effects of continuous (48 hours) mili-
tary operations on soldiers' search performance with a night vision
device (Starlight Scope), as well as the effects of continuous performance
on live rifle fire and érenade throwing accuracy over a period of 44 hours.
During the target acquisition phase,  the subiects worked in two-man teams
and each individual workeé a 36 minute on and a 30 minute off work/rest
cy ‘le. No degradation in perforﬁance occurred in any of the tasks. A

variety of cognitive and perceptual tests were used in the study to pre-

dict search per formance. However, theyvdid not correlate with performance

on the Starlight Scope. ATheAreauits indicated that the soldiers' effi-
ciency in seirch performance was related chiefly to their search methods,
proéedu:es, and search techniques empioyed to see'dnd/or recognize tar-
gets.

232 jiudied the effects in the laboratory of

Drucker, Cannon, and Ware
sleep deprivation on thé petfotmﬁnce of ﬁrmoz crewmen over a 48-hour
period. Subjects worked in tﬁo—man teams: one performing a driving
task and the other a target detection taak. The effects of job totatiﬁn

and shift (day/night) were also studied. They found that subjects who

231y, Banks, J. Sternberg, J. Farrell, C. Debow, and W. Dalhamer.
- Effects of Continuous Military Operations on Selected Military Tasks,
Technical Research Report No. 1166, US Army Behavior and Systems
Research Laboratory, Arlington, Virginia, December 1970.

2322..Druck§r. L. Cannon; and J. Ware. The Effects of Sleep Deprivation
on Perfcrmance Over a 46~Hour Period, HumRRO Technical Report 69-8,
Human Resources Research Organization, Alexandria, Virginia, May 1969.
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. found to be three hours, after which a ¢

worked for 48 hours with sleep performed significantly worse on the
driving task than control subjects who were allowed to sleep five hours
each night. The diffetenée.in performance between.the tﬁc groups on the
target detection tgak approached statistical significance. Major degra-
dation in performance for the experimental group occurred during the
period when théy ‘would normally be sleeping. Degradation was much larger
the second night compated to the first night. The starting time had no

significant effect. The time of day during which vork was performed was,

" however, found to be critical. Degradation was not eliminated by job

rotation.
_Dobbins, Tiedememn, and Skordah1233 gtudied the performance of drivers
who were required to drive pbcvy compercial trucks for nine-hour shifts
about two hours of breaks. Subjects continuously monitored a‘visuél dis-
crimination task while they were driving. No dec'retem:‘ occurred in the
inonitoring task, but there were large differences in driving performance.
Joneaza"‘ invutigated ‘'radio opexrator performnce during three long-
range flights of 15 hours each. The opt duration of a watch was '
:I::ant reduction in performance
vas noted. :

Lindsley235 atudied the perfornznce f radar operators to deterwine

the effects of length and repetitiou of operating periods on their per-

233p. pobbins, J. Tiedemann, and D. Skordshl. "Vigilance Under Highway
Driving Conditions," Perceptual and Motor SktZZa, February 1963,
16(1), 38.

234G, Jones. "Fatigue Effects ir. Radio Operators During a Program of High .

Intensity Long Duration Flying," Aergspace Medictne, 1960, 31-478-484.
235p, Lindsley. Radar Operatof "Patigue”: The Effect of Length and

Repstition of Operating Periods of Effi ctency of Performance, OSRD
Report No. 3334 1944. o
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formance. The eight highly-trained subjects operated a simulated radar
display four hours a day, six days a week for 17 days. It was found that
a steady loss in signal detection occured and accuracf of determining the
bearing of targets declined. This loss became greater as each period
ptogreoéed, and aé the periods were repea;ed.l | ‘

236 in a field study with 20 tank crews, in-

Ainsworth and Bishop,
vestigated crew performance over a period of 48 hours without sleep.
Performance on the following tasks was invéstiéated: su;veillance (moving
and stationary), communications, gunnery, maintenance, and driving. The

experinental group performed continuously during four consecutive 12-hour

aftivity periods. The control group performed during four 12-hour acti-.

‘vity periods, but were given a 24-hour rest between each 12-hour activity

period. Compared to the ;ontrol group, the experimental group showed
little performance degradation, except in two of the driving exercises.
Only small performance differences werc found between day and night.

The authors conclﬁded thatél activities like moving surveillance Qnd some
driving taqk{ Qh;ch Tequire a ptotrac:ed high level of‘vigilance or com—
plex perceptual-motor activity afg thé most sénsitive to the adverse
effectq of sleep;,perfbtﬁqnce at hight is not sigqificantly Sffected by
d}urnal'rhythms; dndlthére does'noé appear to be any need to'phange the
hmit'# organi;ation or tactical doctrine to accoppliﬁh continuous tank
pla;oon opqr;tions for periods up to &B'houta. No portion of the study

involved buttoned-up opefctiona.

2361, Atnsworth and H. Bishop. The Effects of a 48-Hour Period of Sus-
tained Field Aotivity om Tank Crew Performance, HumRRO Technical Report
71-16, Human Resources Research Organization, Alexandria, Virginia,
July 1971. ‘
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Cocmments on Continuous Operations

O'Hanlon237 discussead some of the hiological prablems that might arise

'from sustained and continucd operations. He pointed out that there (s

1itr” . directly relevanﬁ 1n(ornat%on on how men react during sustained and
contintous operations. In addition, studies on men performing physical
work over periods similar to those antic;pated for a sustained operation
have not been conductgd. Hé pointed out that data available suggest

numerous_potentigl problems which seem to indicate & serious reevaluation

of the viability of current concepts of sustained and continuous operations.

With sleep deprivation, man's behavior seems t6 nggest a progressive
detéripfation in cerebral function, signifying an almost linear decline
(up to 126 hours of wakefulness) in psychophysioclogical arcusal. This
decreepgd arousal m#y cause deteriori:ion in performance on.certain
monotonous tasks (such as moni;ofing) where high arousal seems prerequi-
site for efficient performance. Also, follouing sleep deprivation, the

capacity for physical work is reduced. This effect will diminish with

. time, disappearing after several days. O'Hanlon found no report of an

invegtigation in which men had'p;rfornnd under a constant gork load fot'
periods which exceed;d 24 hours, and that glnost no one haq mehsureg the
reéovery of 1nd1v1dunis who have worked for brolonged'periods.

, 0'Hanlon further commented at yength on hypohydfatian as'beingpone

of the more nerioﬁ.'phyqiological prcblems in contiﬁgous operations. Men

2375, 0'Hanlon. "Some Observations From a Literature Review to Anticipate
Biological Problems That Hight arise in Sustained and Continuous Opera-
tions,"” in D. Hodge (ed.), Military Requirements for Research on
C ntinuous Operations, Proceedings of a Conference ield at Texas Tech
l 1tvereity, Lubbook, Texas, 28-29 September 1971, Technical Memorandum
12-72, US Arwy Humsn Engineering Laboratory, Aberdeen Proving Ground,
Maryland, April 1972, vp 116-132.
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do not tmmediately r?p]nce the lost €luid by drinking when unlimited water
is available. The wacef is replaced gradually over hou;s or days. This
slow return to fluid balance may quﬁe individuals hehaviorally of phya-
'iblbgirully deb!l!tated'durlng the interim. Recovery-from hypohydration |
éherefnre requiréa two té three dgys, The effecta éf hypohydration could
be.minimized.by forcing individuals to replace lost vater‘and salt. In
view of the seriousness of thé problem,'thﬁs measure seems mandatory.

Strydon, et gl..238

qtpdied the reactions of two groups of soldiers
o1 a 29 kilometer march. One;group was permittéd to drink wvater ad
1tbitwn, and the other group drank accordingly to a restricted schedule.
Striking effects on the méﬁfs morale were noted. At the start and up to
the third hour of marching;.diatinct differénces became noticeaable be< .
tween the two gtoﬁpa. ThélmOtale of the'restti;ted group was poor and
they became morose, aggreﬁhive, and disobedienﬁ toward their superiors
and showed signs of fatigué; ~Thelr response tb discipline decreased
further ;ouards the latter ﬁégt of the march. In marked conttast..morale
in the ad libitwum gr&up temainéd high throughoﬁc;

' 240

Ayoub, ggggl..239 reported work by Michaels, Hutton, and Horvath,

who found that for continuous work on a bicycle or treadmill or walking

238N Strydon, et al. "The Influence of Water Restriction on the Perfor-
mance of Men During a Prolonged March," South Afbmcan Medical Jowrnal,
1966, 40, 539. .

239y, Ayoub, E. Burkhardt, G. Coleman, and N. Bethea. '"Physiological
Response to Prolonged Muscular Activity,” in' D. Hodge (ed.), Military
Requirements for Research on Continuous Operations, Proceedings of a
Conference Held at Texas Tech HUniversity, Lubbock, Texas, 28-29
September 1971, Technical Memorandum 12-72, US Arwy Human Engineering
Laboratory, Aberdeen Proving Ground, Maryland, April 1972, pp 133-187.

240g | Mqychaels, Jr., K. Button, and S. Horvath. 'Cardiorespiratory Re-

sponses During Prolonged Exerci.e." Journal of AppZzed Phystology,
1961. 16. 997. :
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for eight hours without interruption, 35 percent of maximum aerobic capa-
city could be achieved without fatigue. Fifty peréeﬁt appears to be the
upper limit of work tolerance for eight hours. Only a ;elect group could
worz at 50 percent of maximum Aerobic'capﬁcity. Ayoub futche:‘stAted
that:

Intermittent pauses are the most effective way of
ma‘ntaining or increasing work performance. Although
considerable work has been reported on the effects

of pauses, whether these may be micropauses or long
pauses, 1t appears that more work is needod to investi-
gate the effects of these pauses during prolonged
activities lasting more than 16, 24, or 48 hours of
continuous work. :

After revieﬁing the studies and papers which were presented on the

subject of continﬁous operations, it 1is obvious that there is a need for

the military to carefully define the perforuance‘tequitengnts they desire.
Further, there is no agreement on the characteristics of continuous
operations. There arelapparent contradictions in some of the assumptions
which were used to define the parameters of some studies. Some studies
assume there will be provision to provide rest and recuperation, and

others assume that prolonged physical activity will be required. If

, miniuum,standarda.cin be defined by the militarv, then research can be

undertaken to determine whether these minimum standarde can be met.

Summary and Implications

of 'the studies gurvéyed, there appears to be a conse;xs{m that armor .
crewnbﬁ can perform with litfle degradaiiqn'in yerfofuance for pefioda uﬁ
to 48 hours and in some casges sligt.tly longer. However, none of the un-
cia.nif}eﬁ studies fepo:ted in this section 1nvesfigaced buttoned-up

pe;formnnce (see Appendix, classified information). Thé activities in
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the studies reported were varied and, in some cases, catnapping was allow-

ed. Studies have not been conducted as yet on men performing physical

. work over periods similar to those anticipated for a austaine@ operation.

Fall-off in performance has been reported Qhen individuals are required
to work when they would normally be sleeping. Continuous performance in
the buttoned-up mode, with and without CBR protective gear, has not been.
widely studied as yet. |

From the information available-concerning performance while wearing
CBR protective genr,.coupled with the information on operating under high
&7b’ent temperature conditionaland the.resulting problems created by‘hypo-
hydration, it seems doubtful that'continqpus operations can be undertaken

in high ambient temperatures.

The literature review unicovered no studies in unit performarce while

vperating in the buttoned-up mode. Therefore, it is not known what impact

buttoned-up operations will have on armor units. No training program for
bﬁttoned-up armor operations existed until MASSTER.developed the first
prototype training program for use in their field study. Much of the
material was screened from British military publicationms, which.provided

some background 1n£ormationg MASSTER has also developed a Unit SOP

governing buttoned-up'obe:ationn based on their review of the literature

during the initial training progranm.
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CHAPTER 3
SUMMARY AND CONCLUSIONS

_ The information collected during the-coursg of the current research
effort indicates that there are two basic reasons why tank crews might
button up In a futuré military conflict. The firét is not new to tankers.
Typically, when faced,witt overhead artillery burstsg, small-arms fire
fron infantry, overhead fire from buildings, or fire from aircraft; tank
crews may choose to button up (now As in the past) in order to reduce the
likelihood #f casualties. This is often a "ghoft—term" necessity. As
soon as the iunedilte dangef passes, normal open-hatch operations are
resumed. The second reason crews may button up is a threat of. actual or
potential att;ck by CBR weapons. If the likelihood of these hazards per-
lhtls, operations in the bﬁttoned-up'mde might well become a "long-term"
necessity. | |

One of the Government's primary objectiﬁes in sponsoring this re-~
search effort was to assess both the short-;erm and leng-term effects of
operating in a bitioned-up mode. Unfortunately, precisé dgfinitions of

the expressions., "short-term” and "long-term,"” could not be found in' the:

'1iterature. However, general usage indicated that éﬂort-term time-frames

were measured in minutes or hours, while iong-tetm time-frames were
pea-ured 1nfdiys.

o Concern with or interest in logg-ce;u operéﬁions of any type is fair-
ly recent. It stems partly from the faét~thnc witﬁin the past few years

equipment and vehicles in the inventory of US forces have become more

reliable and, therefore, more.likely to function without_niintenance for

' long time periods. However, the major factor ptecipitatinglthis interest
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and concern has baen the development of night vision devices and other
technological breakthroughs that permit men to functicn almost as well

in darkness as in daylight. These developments have made the constant
intensity 24-hour battleday a distinct possibility. As a result, the
Army must be ftepated'to fight a 24-hour battleday, and possibly maintain
this pace for days on end.

Writers concerned with long-term operations have used the terms, -
"extended," "sustained,"” and “continuous" to describe particﬁlar scenarics.
While the distinction between these terms is not always c;ear. the term,
"continuous,"” as generally employed in the literature, best describes the
tvpe of operations referred to as long~term in the ‘revious paragraphs.
.4t 18, a "éontinuoua operation” 1s one which lasts for 48 hours or
more and which varies in intensity‘ghroughout'the entire period.

It was against this background that avallable documentation was sought

concerning the psychological (and associated physiological) factors that

might affect performance during buttoned-up operations. During the search,

1 was discovered that little research directly concerning buttoned-up

'opcrations had been conducted in this country. However, there was a con-’

giderable £ody of research on toptcs‘deemed‘to be relgvantrto such
operations. As the literqtugc describing this regearch'was examined and
analyzed, two major concluéions'bécgme increasingly obviocus. Stdtéd
simply, theﬁe'are: | |

a. The prihary 1mmed1ate.effe§:é of bﬁt:oﬁing up are a reduc-
tion in the fields of view of the tank commander, the driver, and the

loader, and a complete restriction om extravehiculur activiey.

b. Continuous operations in tha buttoned-up mode are not
feasible with our present armored equipment. '

Thévremninder of this chapter will be devoted to:, (a) very brief

_ statements summarizing the information reviewed which led to these
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conclugicns, and (b) a summarization of findings from tho literature on
factors which are assumed to be relevant to buttoned-up opecrations, but

whose actual effects are as yet unknown.

Conclusien 1
The primary immediate effects of buttoning up are a
reduction in the fields of view of the tank
commander, the driver, and the loader, and a complete
gestriction on extravehicular activity.

This conclusion may seem both trite and somewhat obviocus. However,
it 1n,judged worthy of inclusion and discussion in this report because
of its potential impact on future research. In particular, it servzs to
emphasize that the factors originally identifed in the literature as
having the potential to degrade performance in.:hg buttoned-up mode may

have no effect on short-term operations. Further research may prove

this expectation false. However, on the basis of what could be gleaned
from the literature, the immediate effects should be only those resulting

from the physical restrictions imposed by buttoning up. Therefore, it

'seemq that future research on short-term operations should be focused

directly on the problems associated with these restrictions.

bFor example, with a reduced or tegcricted field of view, fhe occupant:;
of a tank;are likely to be less able.to anticipate the high-amplifude
tfhnaient motions of the vehicle vhich often result from negotiating
rough terrain. @a a-conaéquence. motT e ph&aical effort w;li likely be

expended in maintaining equilibrium, resulting in greater crew fatigue.

Aiso. the likelihood of both motiocn sickness and injury is increased under

these conditions.
As might be expected, when in the buttoned-up npde. crewmen have

difficulty {n aéquiring targets. They also tend io become disoriented
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when traversing the turret during tggget écquisltion; In order éo main-
tuiﬁ orientation, tank commanders typically reduce fheit azimuth tra-
versing rates, thereby increasing the overall time between the initisl
target detection and subsequent target engagement.

Finally, the reatriction on extraveﬁicular_activity creates com@uni-
cation problems. Arm, hand, and flag signais cannot be employed. The
only other current”y available means of inter-tank communicafion is the
radio. However, use of the radio overloads the existing radio frequen-
cles which are availablé fo; communications, and increases the likelihood
of detecti&n by the enemf. In addit;on;;it makes messhges more susceptible
to interference by electronic jamming. Therefore, it is appropriate (as
indicated above) to focué future research efforts‘with réspect‘to short-
term butroned-uﬁ operations to probtlems such as the above. Assuming that
such research could produce practical aﬁd‘relatively 1ﬁexp§nsive solu~-
tion to this problem, it 1s likely that degradation of‘combat effective-

ness under but;oned-up condit;ons would be minimized.

Conclusion 2

Continuous operhtioné in the buttoned-up mode are
" not feasible with our present armored equipment.

It is not necessary to consider dnly psychological factors to con-
clude that continuous Huttoned-ﬁp operations would be infeasible, other

than under a very limited set of.conditions, " The conclusion is. based

intirely on physiologicai and ﬁﬁman factors cénaid?ratioqs._ These con-
siderations. and partinent relate. facts, are summarized beloy: |

a. Tgmgeratqre.A.Buttonéd-up'opetations in cool or cold climes
could be conducted for much longer'periods thﬁn in w@rm o1 hot climes.

"It has been shown that :eﬁbe:atureh\ipside tank compartments, even with .
N t v ’ ‘\\ N
N
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hatchés open, can exceed 100°F in suﬁmer_weather. It has also been shown
that heat prostration casualties among persornel wearing individual CBR
gear in a tropical climate began to occur 15 less than one hour. Since

our current armored vehicles alone do not provide adequate protection 1n

a CBR environment, individual CBR gear must be worn for protectionvwhile

in the vehicle. These facts make it obvious that at high ambient temp-
oratures, personnel wearing CBR gear could be expected to fwiction for
only very short periods of time in a buttoned-up mode. At low ambient
temperatures, proteoted personnel could function Eor much longer. However,
for these conditions thg upper or tolerance limit is determined by the
length of time these porsonnellwould go without water. Further, this prob-

lem 1s complicated by the fact that the current protective face mask worn

for CBR protection 1s not designed to allow the wearer to drink water while

the mask is “irmly in place.

b. Fatique. The ooota in current US Army armored vehicles have
not been dcaigned for comforc or long-term occupancy. Except perhaps for
the driver's seat, the crew positions in US Army main battle tanks have
no provisions ior even sho;tlperiodo of,rolaxation and rest. These facts,
coupled with probloms in maintaining equilibtium duringlmovement, indicate
that contiuuous operationa in the buttoned~-up ‘mode would be exttemely
fatiguing. This factor alone does not make continuous operations in-'
feesible, as a number of studies have shown thot man can perform without
degradation for 48 hours or more on a variety of taoko ﬂowever, fatigue
effects will certairnly compound tbn problem of buttoned—up operations.

c. Visibility. Current US Army tanks have no provision (e.g.,
wvasher-wipers) for cleaning the external surfaces of viewing optics from

inside the vehicle, Rain, éspecially.io the direction of travel, could
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severely limit vigibility, making target acquisition difficult and travel
hazardous. Heavy snows and icing could eff;ctively blind the crew. Mud'
splashes or accumulation of dust would also likely degrade viewing.

Thia inabilit§ to clean viewing devices under adverse éonditions could
_limit the time of occupancy, and deg;ade performance, dgpendent upon how
badly the field of view was obscured.

d. Storagé. Cyrrent US Army armored vehigles have no provision
for interior storage of supplies necessary for continuo;s operations,
especiallynwhile buttoned up. Research indicates that as much as 20 gal-
1nns of water ﬁay be required for'a tank crew during a 48-hour peried in
ﬁigh ambient temperatures. Currently, there is no water supply to ‘the
f:n% interior. Storage tanks are five~gallon cans carried on the outside
of the turret bustle. Additionally, there is no interior space for stowagé
~of individual CBR gear, personal geat'such as hygienic qupplies and
Vclothing, food or wastes; In brief, current US Army tanks were not de-
signed to satisfy the storage need; for continﬁous'operations.

e. Resupply. Even if current US Army tank? could carry the neces-
8 ry supplies to maintain life and reasonable cgmfort ﬁhile_ﬁﬁttoned up,
ic is highly doubtful that there 1s space for_the quantity of ammunitién
~and fuel which would be iequired fbt continuous operations.f The hatchés‘
on our current equipment must be openg% :6 take on.ammunition aﬁdlre-
supplies, ;nd a crewman must dismount to perform tefueiing operations.
Even under otherwise optimum conditions, limited fuel capaciiy.wbuld prob-

ably limit operations to less thar 48 hours.

- f. Waste disposal. Current US Army tanks have no provisions
for either nccumulating or disposing of human wastes. _Bquipﬁedt for ac- -
cumulating wastes, such as emyloyed on space missions,vcould bé ptoyided
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to tank crewmen. Some system which will seal waste maturials intc break-
proof containers is necessary; otherwise, the odor might became in-
tolerable. Until a waste disposal and storage syatem is dralgneg sult-
able for a tank, disposal of wastes will be at least an aggravating
préblem.

. Q. Miscellaneous. A number of minor problems might also hamper

contiﬂuoua operations. For example, neither storage space nor fgcilities
are provided in tanks for the conduct of personal hygienic activi;ieé.
Sponge bathing and brushing of teeth cpuld be accomplished only with great
difficult and, only if sufficignt water were availatle. Other problems,
which might prove to be serious in buttoned-dp operations, have never been
'1nvestigated. For example, it is known that noise levelg in tanks are

| high, averaging around 100 dB. However, it is nct known vhether the

levél 1ncréases with the hatches closed and, 1if so,.if it reaches
dangerou§ levels. Similarly, the accumulation of toxic substances with-
in the tank compar;ﬁente has not been a serious problem with the hatéhés

i spgn. However, during an intense fiiefight witb‘tke hatches closed,
noxious substances could accumulate, making habitation without protection
dangerous even in short;tetm‘ope;ations. Until factors such as these
have béen fully investigated, especially in terms of their effects 6vef
time..:he fcisibility of continuoun‘operation? 1a the buttoned-up mode

must be further questioned.

QOther Related Work

Because of the very limited amount of research conducted on buttoned-
up operations, one can only speculate on the potential effects of a number

of pocontially‘rllnvant chfors.f.Thcse are factors which have been shown .. -~
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to be potent in other situations, and may or may not affect performance in
buftonei-pp armor operations.

Much research on the effects of confinement and/or isolation has been
reported in connection witﬁ space and undersea programs. Many subjects,
evenlin laboraiory experiments, have been unable fo endure the conditions
imposed and have defected, in some éases, 1nlless than eight hours. Tank
crewmen ;re definitely confined during closed-hatch operations, and except

for radio communications, are also isolated as crews. Whether these fac-

_tors will create serious problems in tanks, when and if continuous opera-

tions become feasible, is not known. Tank crewmen are always confined

ard isolated to a significant degree even during open-hatch operations.

It is possible that self-selection results in only those person£é1 who are

capable of enduring the conditions entering or remaining in the armor field.
Needs for péivaci and petional space have also been shown to be potert

factors in previous research where both were deliberately limited. These

factors were recognized by a Canadian group in the development of internal

arrangements and life-auvpport systems for a small arctic vehicle. ﬁowever.

there i8 no indication that they have ever been considered in the develop-

ment of US armored vehicles. In fact, the work by fhg.Canadians is the
only work located which'éives anything bﬁt-]ip service to life-support
requireﬁents-for ground-based vehicles for military or quasi-military
orgﬁnizations. , ‘ |

in the past, US armor crewmen have seldom been gbnfined to_their
vehicles for extended periods of t;me; Defecation th urination were most

often accomylished during breaks outside the vehicle.‘ Bathing, shaving, and

‘other_pgraonal'hygienic activities were also berfotmed—uf;er'diamounting.

137




In drief, the réquiremen;s fpr.ptivacy and space are in need of further
1nvnotigation'if coﬁtinUOus Qperationl in the buttoned-up mode are to
be considered for the future; | |
Other sreas in need of investigation are the effects of buttoning up

on cdubac stress and the Appropriatenole of selecting crews on the basis
of compatibility for long-term combat operations. Crew 'duties and
functions in continuoué operations must also be examined to determine
whether rest periods are feasiblé, and 1if so; hoé work/reat cycles miéht
be opgimized. |

- Although not forma11y stated, it is obvious that a third conclusion
has been dravﬁ by the authors. Tﬁey feel that a research program targeted
to the problems discussed will be heceséary to ensure optimum performance
during either short- or long-term operations. Recommendations toward
this end are presented in the foilowing chapter. A brief dgscription

of sfforts underway toward this goal is provided in the finsl chapter.
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CHAPTER 4
RECOMMENDATIONS

Throughout the many documents and other information sources reviewed,

there were numerous references to problems encountered, or that might be

encountered, in buttoned-up operations. However, no attemptb to list
the design e's;entials.for armored vehicles neceas'ary for éonducting
buttoned-up operations were located. Nevertheleéb} as indicated in th;
previous chapte?, our current equipment is lacking in several tespectg.'
If our armored forges'are to have the ability fovfight in environngnta
which require them to close th; hatches, even for short periods ofvtime.
it 1; eQééntial that our equipment be deaigned.to support, these ofet;-
tions. This chapter 1is devoted to recommendations aimed at achieving
this end.
| The chapte:_is divided into two sections. The first section pro-~
vides specific recommendations for vehicle Aesign nodificationu. These
lqggeationa are based on findings from previous Qo?ka. The second sec-
tion suggests research areas for a programmatic effort designe4 to ensure
8 US capability to engage in continuous operations in thé buttoned-up -
mode in the future. | ' |
" Recommended Des1§n Characteristics'for
Buttoned-up Operations

The recommendations listed her?-are suggested as remedies.for prob—

lews encountered by others and documented in fhe literature. It should be

noted that not ill.of them will necessarily increase our éapability for

continuous operations in a CBR énvironnnnc. Some (e.g., & fa¢e mask de- .

- signed to permit 1liquid conlunptiﬁn)“atc designed to extend pur‘chrrent :
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capability to operate with present equipmenf. Others (e.g., the pr;-
vision of toilet facilitiés) are desigﬁea to extend our capgbiliﬁy for
continuous operations, but will be of‘no iehl aid in an environment wheré
individual CBR gear must be constvantly worn. Therefore, the modifica-
tions recommended should.be considered as interim measures only.

1. Water storage tanks should be installed witﬁ a minimgm capa-
city of 20 gallons and with an-ou;lét(a) in the crew coupartmeﬁt. If
pociible, provision should be made in order to prevent freezing in the
winter by “ucting exhaust or engine coolant arcund the tanks. Aiso, the
tanks should be pressurized to permit water to be drawn without allowing
contaminated air to enter the tank. Finally.l the nozzles should bé,dé
signed to be sealed against contamination, and should be designed for
insertion into ngcks constructed to permit liquid conou.ﬁtion withdué
breaking che seal. |

2. A omall electric cookstove should be installed. The stove
should be removable and easily stored vhen not needed. As a minimum, the
stove should be designed for he;tiné.wntgr for coffee or teé. or warwing
small quantities of other rationa.» The stove and anaﬁciated equibncnt
negd not Se dgsigned'fbfmﬁie during movement. | -

3. A small wash basin should be provided'fét crewmen to perform
minimal peraonai-hygiene'activitiga. Ideally; the basin shOuld‘b; designed
té Aﬁtonntically drain into a sesled diqpoﬁhble container.

4. Inte;nal stoyage récks for personal 1téma (wash cloth, tooth-
brush, CBR gear, etc.) should be jastalled.

5. Containers for the nccunulntionAand storage of waste materials

should be provided. These should'Be capable of peiné.lcnled,to eliminate
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offensive odors. Expended main gun casings with a pimple plastic snap-
cap might be suitable for some types of waste.

6. Provisions should te made for urination and defecation with-
in the crew compartment. One possible solution is slipon uripala at
each crew position‘and a chemical toilet under one of the seats.

- 7. All optical devices should be provided with washers, wipers,

de-icers, and de-foggers. |
. ) 8. Seats should be redesigned ;o:‘_(a)'pravide a greater range
of adjustménts. (b) provide better damping to absorb vibrastion and shock,
(c) permit the incorporation of reel-type resfraining harnesses, and (d)
: . v:able crewmen to'rest or relax for brief perio&a. ‘(The possible incorpo—
. : fon of a foldaway bunk at one position should be considered as an‘
alternative, It could be used alternately by crewmen as duties per-
S~ mitced.) A
9. Provision should be made during extreme cold for ducting
warm air over hands and critical control surfaces.

10. Each cres position in tge main compartment should be provide&
with: (a) footbraces, (b) handholds and crashpads, and (c) reel-type |
restraiﬁing harnesses to improve stability and safety while moving.
| 11. ‘Hatch opghings ahould.po enlarged and nodified to‘permit érew-
T _ fmen to enter and exit'while'weating CBﬁ protective géar.

12. The face mask shﬁuld be mqaifiedlto permit crewmen to drink
from Sealéd’cdntainers. Similar syateﬁs have been used 1n sbace. and
could serve as models.

- Therlibt.preoented is certéinly not exhaustive. However, it does

address many of the major problems reported in the literature.
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Recommendations for a Programmatic
Research Effort

The research areas cutlined below are conceived of as belonging in
a long-range research program nriénted toward providing thy us with‘more
than just a modest capability to condﬁct operations in environments re-
quiring clqsed hatches.

Development of Sealed Compartments. Work should be initiated to

determine the problems involved in and thg costs of aealiné the crew com-
partments from the outside atmosphere. A single filter system with a
: biower that generates a slight'overptessure should provide the ctéw with
' considerable protection from CBR agents. At worst, it should give érew-

men ample time to take other ihdividuai protective measures.

- Development of a "Fighting Suit." The suit should be designed

‘ | to heat, cool, and provide uncontaminated air to the crewman. The adit
would serve ;a backup measure in a vehicle with Qealed compartments. Also,
if a crevman had to dismount for eucrgincy repairs, the suit would provide
érot.ction against the environment. The suits and the vehicles should be
designed with an umbilical arrangement so that a crewman could "plug in"
to the life-support systems while outside the vehicle. The suit éhéuld

be designed with a slipon urinal, and some provision should be made for
either iunternal sforagc or a means of voiding the urinal in a storage
cotitainer in thevconpartnen:;f. i ‘ - |

Development of Adequate Ventilation Systems. The_adeqﬁacy of

. : . current ventilation systems for operation in the buttoned-up mode has not
been fully invesiigated. Ever wnen crews are.not operating in a toxic
environment, the interal air may become toxic during a sustained fire-

- fight in a ltatiohary tank on n'ﬁindlesa day. The internal concentrations
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of various contamingnth under Such conditions muéc_be ﬁctermiued. and new
ventilation systems must be designed if'ﬁhe current éyé:ems are not adg-
quate. Also, it may be neceseary to incorporate.a dehumidification
capability to prevent éondcnsation in the ¢pmpaftments.

Determination of Optical System ReQuiremehts3 Restricted

vision during buttoned-up qperations’is_a major‘proﬁlem. Optics which
prcvidé a greater field of view, or a field more suitable for buttonéd-up
nperations, might greatly enhance'crgw perfﬁrmance in target acquistion

and reduce disorientation problems. Por>égamp1e, a gstabilized surveil-
lance system which combines Q wide-angle, iéw-powe: unit wi;h a hight-power
or variable-power (step-ioom)'unit may prové neceésaty. In any event,

r:quirements must be determined.

Determination of Pequirements for Automatic Target Designation

and/or Acquisition Systems. A target designation system which would per-
mit a tank commander to aufomatically slew the turr;t and the gunner's
sights té the azimuth and elevation of avqecbnd device would greatly
reduce originallvauisition to engagement time. Tﬁe tank commander'é
device could be sm@ll and easiiy aimed by hané. This system Qould in-
cfease the probability of US forces being aﬁle to fire the first shot.

Ah automatic target ;cquiaitidn.system'wouldAsetvé'the same putp&eé

a8 the target designetion system. However, the gystem would have a means

(most likely an 1nfrared'sensor) of seeking out poteht;al targets, and
would automatically slew the turret and the gunner's sight'to the proper

‘azimuth and elevation. o ' . - ‘

Determination of New Crew Selection and Training Requirements.
Personnel requirgmeth»for’bﬁ:téned-up operations havevonly'beeh.exanined
4in a cursory fashion. A tapk‘and skill anqusis_of bﬁttpned-up_opern;iona
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needs to be conducted to determine wﬁether new job requirements exist

for which training must be designed. For example, personnel! will wvery
likely have to be trained to maintain the life-support systems installed.
Other areas in fhe personnel area thatvshould.be examined are: (a) the
vneed to select crewmen on the basis of’their ability to endure confine-
ment and isolat’on, (b) the need to compose crews oﬁ the basis of
personal compatibility, and (c) the need for persounel with new or diff-

erent psychophysiologiﬁdl characteristics.

Examination of Additional Human Factors Requirements. A number
of recommendations fbr changes to equipment were made in the previous sec-
tion of this chapter. However, other ma;eriel should be examined.from the
human factors standpoint. For gxanplé,'thé compatibility of the face
mask with various optical gear needs to be consideted. Actual mininum
work space tequitenent; for each crew position wust also be ascertained.
This latter deterninatién should be made with the ;ésumption that the
crewmen will $e véuring CBR protective gear. Finally, ghe develoément of
prepackaged individual'pérsonal hygiene kits should.be considered. The
use of such kits would ensure that neceiuary supplies were on board, and

that only the minimum storage would be requiied.
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CHAPTER 5
ONGOING RzSEARCH

After a review of the available literature and other information

sources, three studies of an exploratory nature were planned. These

studies are all concerned with the improvement of short-term buttoned-up

operations. The results of these efforts will be reported at a later da;e.

In brief, these research efforts are concerned with:

Evaluation of the Low-Profile Hatch

.td possibly even the loader.

The Iaraeli Defense Fcrces developed the low-profiie hatch as an

lternative to buttoning up. In recent conflicts, their personnel losses
among tank ccmmanders were considered unacceptable. However, they ap-
paréntly also felt that buttoning up woﬁld result in unacceptable perfor-
mance degradaticn. Therefore, they developed a new hatch cover. The

cover permité the tank commander to view the terrain through an opening
between th;'hétch and the cover, while still affording conciderable pro—
tection against ;;erhead artillery, sniper fire, and tntiuirctaff attack.
The I-faei;s employed the modified .hatch cover only at th; tank commander's

pouition;“ However, it might also be of cohside:able value to tha driver,:

This'reseerch.wili ;tte@pc to determine the amouht of degradatiaq (if
any) gn performgnce.to'bc expected in using thellaw-profﬁ'e hatch on boih
the driv;r anditank coumander's'pogitionq. Drivers will be teéted(on a
driving course, and tank commande:s will be tested on target acquisition
per formance. | |

‘ In addition, the study will attempt to defix"t e best hat_.h opening

in terms of achieving an dptimgi balance between v. ion and ptoteéfion.
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Alternative Command and Control Methods

The use of arm, hand, and flag signals has been strongly édvocgted as

part of what is termed the new tactics. The use of these signals frees

rad{io channels for other purposes, réduéeé the probability of detection,
and foils electronic jamming. However,'the use of these Qign#lévwill
not be possib;e while buttoned up. Therefore, altétnate means of com-
munication are needed.

HumRRO has proposed the use df a detachable light panel on Fhe rear
of each tank'to traﬁsmic standard command and control messages. Thé panel
has the additional advantage of being usable during both day and night.
When compieted. this study wiil provide data comparing (a)'tespdﬁge times
to commands, and (b) radio communication lo.ds between standard open-hatch

command and control techniques and the light panel technique.

Determination of Optimum Turret Traversing Rates

Reports from the literature, as well as interview reports, indicate
that the tank commander 1is likely to become disoriented while traversing
the turret during buttoned-up operations. The interviews further indi-

cated that commanders often decreased azimuth rates in order to'prevent

disorientation. It was theorized that the faster rates of traverse caused

' blﬁfring through the vision blocks. Therefore; this study was conceived

to determine 6ptimum a;ewing rates for buttoned-up operations.
In this study, times to transfer the target from the tank commander
to the gunner will be obtained for rihe open-hatch condition, and for

selected slew rates in the buttaned-up mode.
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Prelimi n'ary Findings

of the three exploratory efforts, work was first begun on the deter-
mination of optimum turret traversing rﬁtea; The tank commander in the
M60A1 tank ua;s what is normally referred to as the tank commander's
override control handle to lay the turret in azimuth and the main gun in
elevation ‘onto the target. In order ;o confrol the azimuth rate of the
turret, a deQice was fabricated which fit onto the override handle. The
device can be adjusted to allow control of the traverse speed at any
maximﬁm within the total capabilities of the hydraulic system.'

Using man-made targets (boresighting panels, buildings, etc.), an

_evperienced tank commander ran through a number of target acquisition

tr:als in the buttoned-up mode. Tha following independent variables were
manipulated: (1) maximum turret traverse speed,‘(z) target offset (in
r'ls) from the zero axis of.the main gun, and (3) direction of gun lay -
onto the target (right to left, left to right). . For these trials, the.
calib-r .50 machinegun was pointed to the rear. This was done to elimi-~
nate the "blindspotf in-the field of view, whiéﬁ could occiude targets
iffﬁhe‘machinegun'were'in.its normailforward position. -

Originally, the tank commander moved the override handle to the

maximum speed position to overcome the turret inertia. Once the turret

was movihg, tﬁe control was moved to mu;ncain a slower constant rate until
the tgrgét azimutﬁ ;as reathed. Time to lay on thé target in this Qode
was slower than in the open-hatch mode for the same conditléus.

On later trials, tﬁe ﬁank coruander was able to lay on fatget as

fast {n the buttoned-up mode as in the open~hitch mode. He accumplished

this by selecting ‘an external reference on the cupola to lay on the tar-

get before making final adjustments with the rangefinder sight. The
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external reference in this case was a machine "nut."” 1n other words,
instead of psing the main gun as a teférence. he first traversed to lay
the nut on the target. |

This preliminary result indicates that the problem in acquiring tar-
gets observed previously may not be due:to.blurring at all. Rather, the
problem may have been due to a 1a;k éf procedural guidance and lack of
experience in operating whilg:bu:tqned up. If this hypothesis proves to
be correct, a training progfam in procedures rather than a slew rate

control mechanism will proﬁgbly,solve the problem.
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